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Abstract 
An important supply chain coordination concept in distribution logistics is Vendor Managed 
Inventory (VMI). With VMI, customers leave the responsibility of managing their inventory and 
deciding on replenishment frequencies to the vendor (or distributor) who can then integrate these 
decisions across multiple customers, leading to sizeable cost savings opportunities. The resulting 
optimisation problem of deciding which customers to serve when and how to combine deliveries 
into cost-efficient routes is known as the Inventory Routing Problem (IRP). 
In this Master’s dissertation, we will study the cyclic IRP, in which customers are assumed to 
have stable product consumption rates. In previous research, customers are assigned to routes, 
and then the optimal frequency of every tour is determined. In this thesis, the concept of nested 
routes will be explored, in which not all customers are visited in every iteration of a route. (E.g., 
replenishing a remote customer could only be included in every second iteration of a route to 
reduce travel distance, but will increase holding cost at that customer due to the larger delivery 
quantity.) 
The goal of this thesis is to elaborate heuristics and local search algorithms to efficiently 
design and evaluate nested routes for the cyclic IRP. Subsequent computational experiments on 
a set of benchmark instances should then illustrate the savings potential of nested routes, as well 
as the performance of the heuristic algorithms being developed. 
The thesis comprises five chapters. Chapter one has offered a general introduction of the 
study and the problem description. The second chapter summarises the previous papers and 
literature written about the different topics explained in this thesis. The third chapter includes the 
different models used to solve the different set of benchmark instances and, the chapter four 
contains all the results and comments of every model used. Finally, in the last chapter, the final 
conclusions and the further research is embraced.  
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I. INTRODUCTION 
The Inventory Routing Problem (IRP) is an extension of 
the VRP which integrates routing decisions with inventory 
control. If Vendor Managed Inventory (VMI) resupply policies 
are employed, the problem arises. These policies give certain 
freedom of deciding the timing and size of deliveries. 
However, the vendor agrees to ensure a high service level 
(ensure that its customers do not run out of product). 
Traditionally, massive inefficiencies can occur because of 
the timing of customer’s orders resulting in high inventory and 
distribution costs. However, realising the opportunities for 
cost saving in Vendor Managed Inventory policies is a hard 
task, especially with a large number of customers. 
The IRP determines a distribution strategy which 
minimises long-term distribution costs. Primarily the IRP 
focuses on distribution. Inventory control only ensures that no 
stock-outs occur to the customers. However, inventory control 
takes more importance when inventory holding costs are 
considered. 
A. Problem description 
This master dissertation focuses on the design of nested 
routes for the cyclic inventory routing problem (CIRP). The 
primary objective is to decrease replenishment costs of a group 
of customers (with constant demand rate) from a central depot 
for an extended period horizon. Because of this long-term and 
constant demand rates, the best approach is the cyclic one. 
The routing costs between the central depot and the 
customers along with inventory holding costs must be balanced 
when designing these routes, so this means finding appropriate 
cycle times between replenishments.  For example, low cycle 
times means small replenishments (high routing costs and low 
inventory costs). Increasing the cycle time increases the 
replenishment quantities and the inventory costs. However, 
diminishing the number of times a customer is visited does not 
imply a decrease in routing costs since larger quantities mean 
fewer customers per route and new routes may need to be 
dispatched. 
 
 
B. Illustrative example 
The idea (and potential) of nested routes for cyclic 
inventory routing is best made clear with a simple illustrative 
example. Consider the 3-customer example in Figure 1. 
Holding costs are 0.1 euro per unit per day at all three 
customers, and transportation costs are 90 euro per driving 
hour. Vehicle capacity is 500 units. For simplicity, we assume 
equal travel times each way along a link, so that dij = dji. Again, 
for simplicity, let us assume that the necessary time to load and 
unload the truck is equal to zero and the fixed cost per vehicle 
too. 
 
Figure 1: Illustrative example 
 
• 1st approach: All three customers can be jointly 
visited on a single route, which takes 7.5 hours. Together, 
these customers consume 96 units per day, so with the vehicle 
capacity of 500 units, the cycle time of this route is at most 
five days. Replenishment quantities are then 100, 300, and 80 
units respectively, so the inventory cost rate is: 
 
The routing cost rate is: 
 
The total cost rate is then:  
 
• 2nd approach: If the customers are visited on separate 
routes: 
 
(8) 
Where zi is the cost rate of each customer, hc is the 
holding cost, xi is the cycle time, demRatei is the demand rate 
of every customer, tc is the travel cost per hour and distance0i 
is the distance between depot and customer in hours. 
 Cycle times xi would be 19 days for A, 8 days for B and 
18 days for C. The resulting cost rates zi are 37.95, 91.50, and 
29.40 euro per day, respectively, or a total of 158.85 euro per 
day. 
• 3rd approach: Another possibility is to visit high 
demand customer B separately and low-demand customers A 
and C together. If A and C are jointly replenished, their cycle 
time is 13 days (computed as the 2nd approach) and, the cost 
rate is 64.94 euro per day. With the 91.50 for replenishing B, 
the total cost rate is then 156.44 euro per day. This is the 
cheapest solution without nesting. 
• 4th approach: Now, consider the nested solution, 
where visits to B are combined alternatingly with visits to A 
and to C. The nested route then consists of two actual routes 
that have customer B in common. The first route visits A and 
B and takes seven hours; the second route visits B and C and 
takes 6.5 hours. The maximal (and optimal) cycle time of this 
nested route is five days. Customer B is then visited every five 
days with a replenishment of 300 units, A is visited every ten 
days (every odd iteration) and receives 200 units, and C is also 
visited every ten days (every even iteration) and receives 160 
units. The inventory cost rate is then: 
 
The routing cost rate is: 
 
The total cost rate is thus 154.50 euro per day, which is 
cheaper than the best solution without nesting. 
 
II. SOLUTION APROACH 
In this chapter, different models are presented and 
developed. 
A. Clarke and Wright 
Clarke and Wright published an algorithm for the 
resolution of the VRP. It is an algorithm based on the concept 
of savings. 
The situation is the standard: from a central depot, some 
quantities of goods must be delivered to some customers. For 
the transport of these goods, it needs a number of vehicles 
available, each with a specific capacity. Each vehicle of the 
solution must carry out a determined route starting and 
finishing in the depot and deliver the required quantity of 
product to each one of the customers through which the route 
itself goes. The problem, as mentioned earlier, will determine 
what customers will be part of each route, what will be the 
sequence of customers and which vehicle will cover each trip. 
The goal will be to find the solution that minimises the 
total cost of the routes while satisfying all the constraints of 
the problem (demands, capacities,...). 
A savings algorithm is a heuristic, which means that it 
might not provide the optimal solution. However, it has been 
proved to be one of the methods that bestow solutions with a 
reasonable runtime and deviate a few degrees from the real 
optimum. 
The concept of savings arises from the saving costs that 
involves joining two routes in one. It would be graphically 
explained as follows: 
 
Figure 2: Clarke and Wright algorithm savings concept 
 
(a) Being the point 0 the central depot, the clients i and j 
are visited on two different routes.  
(b) Being the point 0 the central depot, the customers i 
and j are visited in the same route. 
 
B. Jointly visited routes 
This model uses the same routes as the first one. The 
difference is that in this case a cycle time is added, i.e., a time 
that indicates how often this route should be carried out. This 
cycle time is expressed in days and allows computing the 
replenishment quantities for each customer in every route. 
Once the replenishment quantities are known, the 
inventory costs are computed using the next formula: 
 
Where hc is the holding cost and rqi are the replenishment 
quantities of each customer i. It is necessary to divide 
everything by 2 because then, we are computing the mean of 
the replenishment quantities. The replenishment quantities of 
each customer i is calculated using the next formula where xi is 
the cycle time of each customer and demRatei is the demand 
rate of each customer: 
  
The routing costs in this model also differ from the first one 
because the routes are not performed every day: 
 
 
 
 
Where disj (in hours) is the travelling time of the route j, 
varCost is the cost per hour and xj is the cycle time of the 
route j. 
Finally, the total cost is computed by adding total 
inventory costs and total routing costs. 
C. Separate routes model 
In this model, every customer has its own route. The 
problem lies in finding the optimal cycle time and then the 
quantities to be transported in each delivery. 
 
 
 Where zi is the cost rate of each customer, hc is the 
holding cost, xi is the cycle time of each customer, demRatei is 
the demand rate of each customer, tc is the travel cost per hour 
and distance0i is the distance between depot and customer in 
hours.  
The first part of the objective function is the one affecting 
the inventory costs and the second part of the sum is the 
routing costs or transportation costs. The solution that the 
objective function gives is the cycle time and the total cost of 
each customer (or route). 
 
 
D. Mixed routes 
This model is a mix between Jointly Visited model and 
Separate Routes model explained previously. Firstly, for each 
customer, it is computed the optimal cycle time like if they 
were on separate routes. Then, if the next formula is right for a 
specific customer, this will have its own route. 
 
Where xi is the cycle time of each customer, M is the 
capacity of the vehicle and demRatei is the demand rate of 
each customer. 
For the other customers that are not in any route, a new 
Jointly Visited model is computed without taking into account 
the ones that are on separate routes. 
 
E. Local search optimisation  
A common heuristic method for solving computational 
hard optimisation problems is local search. It is used to solve 
problems that have multiple solutions. This type of algorithms 
analyses all the possible solutions in the search space by 
applying local variations until a solution is considered optimal 
or a certain time is reached. 
After computing a model and getting an initial solution, 
local search can be applied. In every iteration, it evaluates a 
possible solution in its neighbourhood, and if it is better than 
the best current one, this solution is saved as the best. It ends 
when no better solution exists in its neighbourhood. 
In this local search, the 2-opt neighbourhood search is 
used. 2-opt is a simple algorithm for solving the Travelling 
Salesman Problem (TSP) first proposed by Croes in 1958 
although the basic move had already been suggested by Flood 
in 1956. The 2-opt algorithm removes two edges that are non-
adjacent from a precise route and re-joins the two paths 
generated. This is often denoted to as a 2-opt move. 
In this thesis, the local search will be applied to every 
model explained above except Clarke & Wright and the 
Separate Routes model because every customer has its own 
route, so it is not necessary. 
 
F. Nested routes 1 
Once we have the initial solutions done, we can go to the 
nested approaches. Starting with the improvement of initial 
solution results, we need to find the customer with the higher 
demand rate. After finding it, the route where this customer is 
in the improvement is saved, and we also add another route 
with this customer alone. For example, imagine there is a 
solution to the improvement of initial solutions where the 
routes of 6 customers are [0-1-2-5-6-0] and [0-3-4-0] where 0 
is the depot. If the higher demand rate of these customers is 
number 3, the first routes would be [0-3-4-0] and [0-3-0]. 
Later, a new Jointly Visited model is applied to find the final 
results that could be something like [0-3-4-0], [0-3-5-6-0] and 
[0-1-2-0]. 
Once we have the customer that is going to be in a nested 
route, the most challenging part to programme is the 
computation of the cycle time and the replenishment quantities 
of each route taking into account that there is a nested route 
with customer 3. To do it, first, we compute the minimum 
cycle time of the two nested routes (x0min and x1min) dividing 
the capacity by the demand rate of each customer and then, we 
compare it to the total capacity of the vehicle divided by sum 
of the demand rates of the customers except for the customer 
that will be in the nested routes and we take the minimum of 
them. 
 
 
 
 
 
 
 
 
The possible replenishment quantities for the nested 
customers of these two routes (y0 and y1) are computed and 
added into a list of potential solutions. To do it, all the possible 
cycle times for route 1 and for route 2 are analysed. 
 
(25
) 
If 0 < y0 < demRatenested customer then; 
  
and the solution [y0,y1] is saved as a possible solution of 
the replenishment quantity for the nested customer of route 1 
and 2. 
Again, but for the other cycle time: 
 
(27
) 
If 0 < y1 < demRatenested customer  then; 
  
and the solution [y0,y1] is saved as a possible solution of 
the replenishment quantity for the nested customer of route 1 
and 2. 
All these possible solutions [y0,y1] are analysed one by 
one, and the chosen one is which have the lowest inventory 
cost. Then, the other cycle time and replenishment quantities 
of the other routes are calculated, and finally, the total cost is 
computed. 
 
G. Nested routes 2 
In this model, we start with the same solution as the 
previous model but, in this case, we take into account the 
customers that had its own routes. For example, imagine there 
is a solution to the improvement of initial solutions where the 
 routes of seven customers are [0-1-0], [0-3-0], [0-2-4-0] and 
[0-5-6-7-0]. First, every route that has a single customer, it is 
separate, and it is not possible to do a nested route with them. 
In case the highest demand rate is from customer 3, we should 
go to the highest demand rate between customers 2, 4, 5, 6 or 
7. In case it was customer 4, the nested route would be [0-2-4-
0] and [0-4-0]. Later, a new Jointly Visited model is applied to 
find the final results that could be something like [0-1-0], [0-3-
0], [0-2-4-0], [0-5-7-0] and [0-4-6-0]. 
Once we have the solution, again, the most difficult part 
to the programme is the computation of the cycle time and the 
replenishment quantities of each route taking into account that 
there is a nested route with customer 4. To do it, first, we 
compute the minimum cycle time of the two nested routes 
dividing the capacity by the demand rate (in this case of 
customer 4). Then, the possible replenishment quantities of this 
two routes are computed and added into a list of potential 
solutions. These are analysed one by one, and the chosen one 
is which have the lowest inventory cost. Then, the other cycle 
time and replenishment quantities of the other routes are 
calculated, and finally, the total cost is computed. 
Finally, this model is repeated until no more improvements 
are achieved so, perhaps, for one instance the best total cost is 
with three nested customers, and another instance could be 
with seven nested customers. In case any error appears in the 
program, it returns the results of the Mixed routes model. 
III. COMPUTATIONAL EXPERIMENTS 
 
In this section, all the different solution from the methods 
presented previously are presented using a set of 320 
benchmark instances introduced by Raa in a 10×25 full factorial 
design including five elements that each have two possible 
options and ten instances per element combination. The 
characteristics of the instances are the following as explained in 
Raa et al. (2016): 
 The vehicle capacity (vcap) is ‘Large’ (100 units) or 
‘Small’ (50 units). The corresponding fixed costs are ψ = 
400 and ψ = 240 euro per day, and the corresponding 
variable costs are 1.2 and 1 euro per kilometre. Both large 
and small vehicles are assumed to have an average speed 
of 50 kilometres/hour. 
 Customer capacity restrictions (ccap). When the customer 
capacity restriction is active (level ‘Yes’), the customer 
storage capacity is generated randomly such that it can 
hold between 2 to 10 days of supply. Otherwise (level 
‘No’), the customer storage capacity equals the vehicle 
capacity. 
 The holding cost rate (hc) is either ‘High’ or ‘Low‘, at nj 
=80 or nj = 8 eurocent per unit per day, ∀ j ∈ S. 
 Number of customers (nr). The two levels of this factor 
are [30−70] and [80−120]. This factor is a randomised 
factor, meaning that instead of considering two fixed 
values for the factor, values are generated randomly in 
two distinct intervals. 
 Size of the service area (area). All customers are located 
within a circle that has a certain radius and is centred at 
the depot. The radius of this circle is also a randomised 
factor, with two intervals [75-100] kilometre and [150-
175] kilometre. 
 Customer demand rates are randomly generated between 
one and ten units per day. Loading and dispatching the 
vehicles is assumed to take half an hour (  = 0.5 hours) 
and cost 20 euro (  = 20 €), while deliveries at the 
customers are assumed to take 15 minutes and cost 10 
euro (  = 0.25 hours,  = 10 €, ∀ j ∈ S). 
A. Clarke and Wright 
The obtained results show that, on average, there is an 
instance that has a better solution than any other model. This 
reason is that the Clarke & Wright model does not take 
inventory costs into account and the cycle time of all routes for 
the Jointly Visited model is one day for each route. 
B. Jointly Visited routes 
All the average results have been improved except in four 
cases of 32. In this case, there has been an improvement 
concerning the previous model of 28.8% and the maximum 
improvement has been of a 72.1%. 
 
C. Separate routes 
This model is the best solution for a 42.8% of the 320 
instances, and on average 16 out of the 32 options is the best 
solution. This means that this model has to be taken into 
account when designing new models. 
D. Mixed routes 
This model does not have any best solution on average 
because the improvement of initial solutions is made with this 
model and the Jointly Visited model but, on average, an 
improvement of a 38.9% respect the upper bound model 
Clarke & Wright has been done. 
E. Improvement of initial solutions 
In this case, on average, 1 of the 32 possible options has 
the best solution compared with the other solutions and a 
22.8% of the 320 instances, the best solution is this 
improvement, and a 39.7% of improvement with respect the 
Clarke & Wright model is achieved. 
 
F. Nested routes 1 
In this model, there aren’t any better solutions found on 
average, but there are some instances (of the 320) that there is 
a slight improvement (0.9%).  
 
G. Nested routes 2 
In this case, there aren’t any better solutions found on 
average because the next model is an improvement of the 
Nested routes 1 and 2 models. However, some enhancements 
have been done in respect to the previous model (17.2% 
improvement on average). Compared to the Jointly Visited 
model there has been an improvement of a 17.7%. 
 
 
 
 Nested 
customers 
0 1 2 3 4 5 6 7 8 9 
% 43% 23% 12% 8% 6% 3% 3% 1% 0% 0% 
Table 1: Number of nested customers for the best solution of the 
Nested routes 2 model 
In Table 1, the number of nested customers for the best 
solution of the Nested routes 2 model are shown. As we can 
see, there are a 43% of the 320 instances that this model 
returns the Mixed Routes model because an error occurs while 
running the program. Then, we have solutions from one nested 
customer to seven nested customers, and for eight and nine 
nested customers, no further improvements are achieved. 
H. Improvement of nested routes 
In this case, 15 of the 32 possible options (46.9%) give 
the best solution compared to the other models, and for the 
320 instances, it gives the best solution to a 40.6% of them. 
Compared to the Nested routes 1 model, an improvement of 
the 17.5% is achieved and compared to the Nested routes 2 
model a 0.3%. Finally, if we compare these results with the 
Jointly Visited model an improvement of an 18.1% is reached. 
IV. CONCLUSIONS 
In this dissertation, different heuristic models and local 
search heuristics (customer exchanges inside a route) have 
been proposed in chapter three considering the so-called 
“nested routes”. Permitting some customers to be visited on 
more than one route allowes balancing distribution and 
inventory holding costs, while at the same time can reduce 
vehicle utilisation.  
Analysing the results, I realised that only two of the 
models developed give better solutions than the others. These 
two models are the Separate routes and the Nested routes 2 
and, of course, the corresponding local search heuristic. 
Almost a 20% improvement have been achieved by comparing 
the first model used (Jointly Visited) and the best total cost of 
all the models developed. 
After obtaining the results, we can conclude that not 
necessarily having more nested routes reduces the total cost 
or, perhaps, the factor chosed for nesting (the higher demand 
rate) is not the most suitable one together with the model. 
However, introducing nestedness turns out to especially offer 
the possibility of significantly reducing inventory costs, so the 
benefits are most substantial for instances where holding costs 
are relatively high. 
The most important part of the nested routes heuristics 
was inserting a customer into a route, which is more 
complicated when nested routes appear. Introducing a 
customer into a route involves finding the best position in the 
route (to minimise routing costs), followed by the computation 
of the route's cycle time, the replenishment quantities and the 
cost rate (to balance routing and inventory costs). 
Concluding, this dissertation showed the potential of 
nested routes at a small scale. The results obtained are very 
encouraging for further work on extending heuristics to deal 
with them. In the next section, some ideas for future research 
are explained. 
 
A. Further research 
In this thesis, the customer with the higher demand rate 
was the one chosen to be nested, as future work, it could be 
studied which is the best method for choosing the nested 
customers. 
Besides, new heuristics could be investigated for having 
more than one nested customer in the same route because, in 
this thesis, when two routes are nested, they are considered 
untouchable, and any customer can be inserted. 
In this master thesis, the fixed costs have not been taken 
into account so, new heuristics for fleet design should be 
proposed with nested routes to find feasible models with good 
results considering fixed costs. 
Greenhouse gases emission is a major unease globally in 
recent years. Some countries have signed the Kyoto Protocol 
and installed some regulations to reduce the CO2 emissions. 
Optimising inventory and routing decisions can benefit in the 
reduction of CO2 emissions. A possible investigation could be 
how the CO2 emissions affect when inserting nested routes 
and develop new models to reduce them. 
Finally, and probably the most complex study could be 
developing nested routes when having stochastic demand, so 
safety stock should be considered. 
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CHAPTER I 
1. Introduction 
1.1 Origin of the project 
The present Final Master Thesis, corresponding to the Master's Degree in Industrial 
Engineering of the University of Ghent entitled "Designing nested routes for cyclic inventory 
routing" is part of the research area of the Department of Industrial engineering and operations 
research. 
This project originates from the author's interest in the application of the field of the 
optimisation. The current need for any company to reduce costs and increase sales causes the 
improvement in all the processes that compose it. This improvement is manifest, in many cases, 
in the application of optimisation tasks. 
It is for this reason that this field is gaining importance in the management of the companies 
and the fact to learn in the accomplishment of a Final Master Thesis, gives the opportunity to 
know better the own scope and in a future, take advantage of and apply all the knowledge learned 
in a possible position within a company. 
1.2 Previous requirements 
Bearing in mind that the previous code which the algorithms and heuristics have been written 
in C++ it would have been interesting to know before doing this thesis. As it has not been the 
case, it had to be learned to understand part of the code. However, the code has been written in 
Python. 
On the other hand, it is essential to have studied the Quantitative Methods of Industrial 
Management I and II courses of the Master’s Degree in Industrial Engineering of UPC 
(Management speciality). The first to understand the mathematical model of the algorithm and 
the second to understand the importance of heuristics in any hard problem to solve. 
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2. Introduction to Vehicle Routing Problem 
The Vehicle Routing Problem (VRP) is a problem in the world of distribution and logistics. 
This problem occurs when a fleet of vehicles has to leave a central depot; usually of trucks, which 
must carry a certain amount of product to several customers located in different points on the 
map. The problem arises in deciding which are the routes to perform and the number of vehicles 
that will be provided to all customers. What is the optimal number of vehicles that will leave the 
depot, to minimise the total distance travelled by the vehicle fleet? What are the routes to be 
carried out by the vehicles? What clients will have to visit each one and with what sequence? 
The primary objective of the VRP is to minimise the distances travelled by the fleet. In any 
company, the main objective is to minimise costs, because these two objectives will go hand in 
hand with distribution companies that they are looking for minimising distance travelled that will 
generate a minimisation of the costs. 
The VRP resolution will determine the routes to be performed by the fleet of vehicles, which 
is solved by algorithmic techniques when the problem is hard, specifically with heuristic 
processes. The complexity of the problem requires these methodologies of resolution, and there 
is not a unique solution for each type of problem, which will be subject to specific restrictions and 
located in a particular environment. 
For more than 50 years, the VRP has attracted the attention of a large part of the operational 
research community. This reason is due in part to the economic importance of the problem, but 
also for the challenges that arise. 
2.1 The classical Vehicle Routing Problem 
The Vehicle Routing Problem (VRP) is one of the most studied problems in combinatorial 
optimisation. Its study has developed many exact and heuristic solution techniques of general 
applicability. It is a generalisation of the Traveling Salesman Problem (TSP) and is therefore NP-
hard. 
The most basic case of VRP has a central depot that has a homogeneous fleet of vehicles, 
which should cater to a group of customers geographically scattered on the map. These 
customers need to be served with an amount determined of a product. 
The goal is to build routes that involve a minimal global cost, which begins and end in the 
central depot and to visit a subset of customers in a specific order. In these routes, each client 
will be visited only once and always along the same route. The load that each vehicle will carry 
will be restricted to the capacity of the same (in this homogeneous fleet case). The cost of a route 
will be the sum of all the costs of the arches that form the cycle. 
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The Capacitated Vehicle Routing Problem is the first variant of the VRP. The name comes 
from the constraint of having vehicles with limited capacity. The CVRP can be described as 
follows: 𝑁 customers geographically dispersed in a planar region must be served from a unique 
depot. Each customer asks for a quantity 𝑞𝑖 (𝑖 = 1, 2, . . . , 𝑁) of goods. The transport cost from 
node 𝑖 to node 𝑗 is 𝑐𝑖𝑗. 𝑚 vehicles with a fixed capacity 𝑄 are available to deliver the goods stored 
in the depot. Each customer must be visited just once by only one vehicle. The objective of the 
problem is minimising the total cost of all routes without violating the individual capacity of each 
vehicle. The depot is denoted by 𝑖 = 0. The model can be written as follows: 
[MIN] ∑ ∑ ∑ 𝑐𝑖𝑗𝑥𝑖𝑗
𝑘  
𝑛
𝑖=0
𝑛
𝑗=0,𝑗≠𝑖
𝑚
𝑘=1
 (1) 
𝑥𝑖𝑗
𝑘 = {
1     𝑖𝑓 𝑣𝑒ℎ𝑖𝑐𝑙𝑒 𝑘 𝑔𝑜𝑒𝑠 𝑓𝑟𝑜𝑚 𝑖 𝑡𝑜 𝑗
0                                         𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒
 (2) 
𝑠. 𝑡. ∑ ∑ 𝑥𝑖𝑗
𝑘 ≤ 𝑚           𝑖 = 0
𝑛
𝑗=1
𝑚
𝑘=1
 (3) 
∑ 𝑥𝑖𝑗
𝑘 =  ∑ 𝑥𝑗𝑖
𝑘
𝑛
𝑗=1
≤ 1          𝑖 = 0, 𝑘 ∈ {1, 2, … , 𝑚}
𝑛
𝑗=1
 (4) 
∑ ∑ 𝑥𝑖𝑗
𝑘
𝑛
𝑗=0,𝑗≠𝑖
𝑚
𝑘=1
= 1        𝑖 ∈ {1, 2, … , 𝑛} (5) 
∑ ∑ 𝑥𝑖𝑗
𝑘
𝑛
𝑗=0,𝑗≠𝑖
𝑚
𝑘=1
= 1        𝑗 ∈ {1, 2, … , 𝑛} (6) 
∑ 𝑑𝑖 ∑ 𝑥𝑖𝑗
𝑘
𝑛
𝑗=0,𝑗≠𝑖
𝑛
𝑖=1
≤ 𝑄        𝑗 ∈ {1, 2, … , 𝑚} (7) 
The objective function (1) is minimising the total distance travelled. Constraint (3) assures the 
number of vehicles starting from the depot is not more than m. Constraint (4) states that each of 
the k vehicles has to start and finish in the depot. Constraints (5) and (6) assure that each 
customer is visited only once. Finally, the constraint (7) is the capacity constraint. 
2.1.1. The transport network 
Generally, the most considered network is terrestrial. Although depending on the case and 
its conditions, maritime and air networks could also play an important role. In the most common 
case, the terrestrial network is defined from a graph where the arcs represent the segments of 
the tracks, and the vertex corresponds to the unions or nodes of the network itself. The arcs can 
be directed or not directed, depending on whether the circulation in both directions is allowed or 
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not. Even so, they will generally be directed, since in a real case, the outward route will be made 
by a different route to the return route. Each arc of the graph will have an associated cost directly 
related to the distance that it has travelled. 
2.1.2. The vehicles 
Vehicles, speaking of a land transport network, will usually be vans, trucks or trailers (vans 
for shorter distances and trailers for longer distances). Although not only the distance will be a 
variable to take into account; the capacity of the vehicles, the quantity to be used or, sometimes, 
will merely be a matter of availability. 
When talking about capacity, it can have several dimensions: volume and weight or quantity 
of a product. Normally, however, one of the options will be chosen to solve the problem. Vehicles 
can have a fixed cost and a variable proportional to the distance they travel. 
Labour laws or regulations may impose restrictions on the maximum time that a vehicle may 
be circulating, its speed, its load or even the passage for specific points on the road network. 
2.1.3. The customers 
Each one of the customers will be characterised by their geographical location and by the 
demand that will have to satisfy with some of the fleet's vehicles. The demand of a single customer 
can never exceed the capacity of a single vehicle, and if this happens, the demand must be 
segmented in two visits to the client. However, this case is not contemplated in a standard VRP. 
Customers may have restrictions regarding the hours in which they can be visited. These 
restrictions are usually expressed in time intervals (time windows). 
2.2 Variants of the Vehicle Routing Problem 
The Vehicle Routing Problem is classified as an NP-hard problem (non-polynomial), which 
means that the use of exact optimisation methods for their resolution becomes difficult when the 
problem includes data from the real world, and therefore, it is on a large scale. So, to get feasible 
solutions and as close as possible to the optimum solution when it comes to realistic cases, we 
will use heuristic and meta-heuristic methods. 
The different variants that can be found within a VRP are due to the nature of the goods 
transported, as well as the quality of the service that wants to be given and the characteristics of 
customers and vehicles. 
In real life, we could propose infinite types of variants of the problem, but there are some that 
have been previously studied, and that undoubtedly would facilitate us even though our particular 
case is not 100% adjusted. These cases are the following: 
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 Capacitated VRP (CVRP) 
 Capacitated VRP with Time Windows (CVRPTW) 
 Vehicle Routing Problem with Pick-up and Deliveries (VRPPD) 
 Vehicle Routing Problem with Pick-up and Deliveries and Time Windows (CVRPPDTW) 
 Multiple Depot VRP (MDVRP) 
 Multiple Depot VRP with Time Windows (MDVRPTW) 
 Periodic VRP (PVRP) 
 Periodic VRP with Time Windows (PVRPTW) 
 Split Delivery VRP (SDVRP) 
 Split Delivery VRP with Time Windows (SDVRPTW) 
 
Notably, the first two variants are the most studied and used. The CVRP deals with a fleet of 
vehicles (identical and of a determined capacity) located in the central depot from where the 
optimal routes will leave to serve the group of customers, of which we know the respective 
demands. Concerning the Vehicle Routing Problem with Time Windows (VRPTW), whose 
purpose is to serve the set of clients taking into account some time slots, at a minimum cost and 
without violating the capacity of each vehicle or the maximum journey time. 
There is another type of VRP called the Dynamic Vehicle Routing Problem (DVRP), which 
can include most of the aforementioned, and that arises from the advances of communication 
technologies that enable information to be obtained and processed in real time. In a DVRP, many 
of the orders are known before the start day, but many others are coming in as the day progresses 
and the system must be able to incorporate them into the program of the day. 
2.3 Methodology 
There are several ways to solve the VRP, and each of them is part of one of the following 
methods: 
 Exact methods: the branch-and-cut method is a branch-and-bound technique to solve 
problems of linear mathematical programming with integer variables. It relaxes the model 
and breaks the problem into two new problems (adding lower and higher bounds to a 
variable that has taken a real value in relaxation). In this way, the bounds produced in 
each branching tree node are better than the previous ones until the optimum is reached. 
 Heuristic methods: a heuristic is an algorithm that allows obtaining solutions with a lesser 
time of execution but without guaranteeing that these solutions are optimal. They can be 
classified in: 
a) Constructive: they are developed as they progress, they do not start of a feasible 
solution. One of the best known is the heuristics of savings (which will be detailed 
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below). There are also angular or petal heuristics, where solutions are 
aggregated angularly concerning the distribution centre. 
b) Of improvement: they work on a feasible solution, and this is improved from 
applied changes. 
c) Relaxation techniques: methods associated to the integer linear programming. 
They consist of decomposing an integer linear model into a set of complex 
restrictions that are relaxed. These accelerate the resolution process. 
 Meta-heuristic methods: they generally are applied to problems that do not have a 
specific algorithm or heuristics that provide a particular solution. They are usually less 
efficient than heuristic ones. 
 Hybrid methods: combine aspects of different heuristics, meta-heuristics or exact 
algorithms to obtain the best part of each one. 
2.4 The Inventory Routing Problem 
The Inventory Routing Problem (IRP) is an extension of the VRP which integrates routing 
decisions with inventory control. If Vendor Managed Inventory (VMI) resupply policies are 
employed, the problem arises. These policies give certain freedom of deciding the timing and size 
of deliveries. However, the vendor agrees to ensure a high service level (ensure that its customers 
do not run out of product). 
Traditionally, massive inefficiencies can occur because of the timing of customer’s orders 
resulting in high inventory and distribution costs. However, realising the opportunities for cost 
saving in Vendor Managed Inventory policies is a hard task, especially with a large number of 
customers. 
The IRP determines a distribution strategy which minimises long-term distribution costs. 
Primarily the IRP focuses on distribution. Inventory control only ensures that no stock-outs occur 
to the customers. However, inventory control takes more importance when inventory holding 
costs are considered.  
Inventory Routing Problems are different from the Vehicle Routing Problems. VRPs occur 
when a customer order has to be assigned to a route and vehicle on a specific day, so the planning 
horizon typically is a single day, so by the end of the day, all the orders have to be delivered. On 
the other hand in IRPs, the delivery company decides the quantity and which customers have to 
be served each day. Instead of placing orders, the delivery company has the restriction that its 
customers must not run out of stock. Also, IRPs are defined on a long horizon; the delivery 
company decides each day about which customers and the quantity that needs to be delivered 
to each of them while keeping in mind that today's decisions have an impact on the future. The 
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purpose is to minimise the total cost during the planning horizon while ensuring that customers 
do not run out of the product. 
2.5 Problem description 
This master dissertation focuses on the design of nested routes for the cyclic inventory routing 
problem (CIRP). The primary objective is to decrease replenishment costs of a group of 
customers (with constant demand rate) from a central depot for an extended period horizon. 
Because of this long-term and constant demand rates, the best approach is the cyclic one. 
The routing costs between the central depot and the customers along with inventory holding 
costs must be balanced when designing these routes, so this means finding appropriate cycle 
times between replenishments.  For example, low cycle times means small replenishments (high 
routing costs and low inventory costs). Increasing the cycle time increases the replenishment 
quantities and the inventory costs. However, diminishing the number of times a customer is visited 
does not imply a decrease in routing costs since larger quantities mean fewer customers per route 
and new routes may need to be dispatched. 
2.6 Illustrative example 
The idea (and potential) of nested routes for cyclic inventory routing is best made clear with 
a simple illustrative example. Consider the 3-customer example in Figure 2. Holding costs are 0.1 
euro per unit per day at all three customers, and transportation costs are 90 euro per driving hour. 
Vehicle capacity is 500 units. For simplicity, we assume equal travel times each way along a link, 
so that 𝑑𝑖𝑗 = 𝑑𝑗𝑖. Again, for simplicity, let us assume that the necessary time to load and unload 
the truck is equal to zero and the fixed cost per vehicle too. 
 
Figure 1: Illustrative example 
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1st approach: 
All three customers can be jointly visited on a single route, which takes 7.5 hours. Together, 
these customers consume 96 units per day, so with the vehicle capacity of 500 units, the cycle 
time of this route is at most five days. Replenishment quantities are then 100, 300, and 80 units 
respectively, so the inventory cost rate is: 
0.1 
€
𝑢𝑛𝑖𝑡 ∗ 𝑑𝑎𝑦
∗ (
100 + 300 + 80
2
) 𝑢𝑛𝑖𝑡 = 24 €/𝑑𝑎𝑦 
The routing cost rate is: 
90
€
ℎ ∗ 7.5 ℎ
5 𝑑𝑎𝑦𝑠
= 135 €/𝑑𝑎𝑦 
The total cost rate is then:  
24
€
𝑑𝑎𝑦
+ 135
€
𝑑𝑎𝑦
= 159 €/𝑑𝑎𝑦 
2nd approach:  
If the customers are visited on separate routes: 
[𝑀𝐼𝑁] 𝑧𝑖 = ℎ𝑐 ∗ (𝑥𝑖 ∗
𝑑𝑒𝑚𝑅𝑎𝑡𝑒𝑖
2
) + 𝑡𝑐 ∗
2 ∗ 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒0𝑖
𝑥𝑖
 (8) 
Where 𝑧𝑖 is the cost rate of each customer, ℎ𝑐 is the holding cost, 𝑥𝑖 is the cycle time, 
𝑑𝑒𝑚𝑅𝑎𝑡𝑒𝑖 is the demand rate of every customer, 𝑡𝑐 is the travel cost per hour and 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒0𝑖 is 
the distance between depot and customer in hours. 
Cycle times 𝑥𝑖 would be 19 days for A, 8 days for B and 18 days for C. The resulting cost 
rates 𝑧𝑖 are 37.95, 91.50, and 29.40 euro per day, respectively, or a total of 158.85 euro per day. 
3rd approach: 
Another possibility is to visit high demand customer B separately and low-demand customers 
A and C together. If A and C are jointly replenished, their cycle time is 13 days (computed as the 
2nd approach) and, the cost rate is 64.94 euro per day. With the 91.50 for replenishing B, the total 
cost rate is then 156.44 euro per day. This is the cheapest solution without nesting. 
4th approach: 
Now, consider the nested solution, where visits to B are combined alternatingly with visits to 
A and to C. The nested route then consists of two actual routes that have customer B in common. 
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The first route visits A and B and takes seven hours; the second route visits B and C and takes 
6.5 hours. The maximal (and optimal) cycle time of this nested route is five days. Customer B is 
then visited every five days with a replenishment of 300 units, A is visited every ten days (every 
odd iteration) and receives 200 units, and C is also visited every ten days (every even iteration) 
and receives 160 units. The inventory cost rate is then: 
0.1 
€
𝑢𝑛𝑖𝑡 ∗ 𝑑𝑎𝑦
∗ (
200 + 300 + 160
2
) 𝑢𝑛𝑖𝑡 = 33 €/𝑑𝑎𝑦 
The routing cost rate is: 
90
€
ℎ ∗ 7 ℎ
10 𝑑𝑎𝑦𝑠
+
90
€
ℎ ∗ 6.5 ℎ
5 𝑑𝑎𝑦𝑠
= 121.50 €/𝑑𝑎𝑦 
The total cost rate is thus 154.50 euro per day, which is cheaper than the best solution without 
nesting. 
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CHAPTER II 
3. Literature overview 
3.1 VRP Literature  
The Capacitated VRP (CVRP) was introduced in 1959 by Ramser and the American 
professor, physicist and mathematician Dantzig. These authors propose a heuristic based on the 
coincidence of facts and they illustrate it on a small scale. In the coming years, heuristics arose 
based on a set of principles that included savings, geographical proximity, consumer 
requirements, as well as more complex routes. 
Next, the one that surely is the most famous of all the heuristics, Clarke and Wright in 1964, 
appeared. It is a heuristic of savings that has overcome over the time thanks to the rapidness of 
the calculations, its simplicity regarding code and its valued accuracy in the results. 
The concept of exact heuristics emerged in 1981 with the publication of two documents by 
Christofides et al. The first of these proposed an algorithm based on dynamic programming with 
state-of-the-art relaxation, while the second proposed two mathematical formulations that used 
trees of expansion and relaxation of the shortest possible path. 
Three years later, Laporte, Desrochers and Norbert, presented the first outline of a VRP 
based on the linear relaxation of an integer model, which led to the emergence of new algorithms 
that were based on it. Some contain flows of vehicles or freight flows that are often solved through 
the branch-and-cut method. The VRP can likewise be formulated as a segmentation problem by 
sections in which some inequalities are added to the model. Some of the most useful 
implementations are based on this methodology, for example, Fukasawa et al. in 2006 and 
Baldacci et al. in the year 2008. 
The development of more modern heuristics for the resolution of VRP began as of 1990. It 
could be said that the VRP study has stimulated the growth and knowledge of meta-heuristics 
that are known today. 
Later on, variants of the standard VRP, as well as the VRP with time windows, the VRP for 
pick-up and delivery of goods (which are explained in section 2.2), etc., began to emerge. So far, 
all of the above papers consider that the associated costs are proportional to the distance 
travelled by the fleet of vehicles. 
Currently, being aware of the importance of caring for our environment, and living in some 
environmentally sensitive circumstances that every second is most threatened by the steps of 
human generation leaving a more aggressive footprint; a few years ago the need arose to adapt 
the existing VRP by directing it to a Green VRP. 
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The Green VRP represents an advance in the study of VRP that adopts the most conscious 
way with the environment. The variation that is made clear in the formulation of the problem is the 
one to add parameters that calculate the CO2 emissions for each section of each route. 
3.2 IRP Literature 
In recent years the Inventory Routing Problem has become increasingly popular in the 
academic literature. Different variants of the problem have been considered, differing in terms of 
time horizon, structure, routing, inventory policy, inventory decisions, fleet composition, fleet size 
and others. 
Criteria Possible options 
Time horizon Finite Infinite  
Structure One-to-one One-to-many Many-to-many 
Routing Direct Multiple Continuous 
Inventory policy Maximum Level Order-up-to level   
Inventory decisions Lost sales Back-order Non-negative 
Fleet composition Homogeneous Heterogeneous  
Fleet size Single Multiple Unconstrained 
 
Table 1: Structural variants of the IRP. Source: Coelho et al. (2012) 
In this section, a general chronological overview is going to be explained with the aid of some 
papers that have been selected to introduce the Inventory Routing Problem and its limitations. 
The first paper that has been selected is Larson (1988) who introduced the Strategic Inventory 
Routing Problem (SIRP). The goal is to minimise the vessel fleet size needed for bringing into the 
ocean the waste from water treatment. The constraints that are taken into account are related to 
vehicle capacity, transportation characteristics and storage capacity. In this paper, he presents 
SIRSA, a heuristic savings algorithm which allocates customers to clusters to be visited in a single 
route. 
Anily and Federgruen (1990) introduced the fixed partition policies. In this methodology, the 
customers are clustered geographically, and they are always replenished together in a single 
route. 
The next paper selected introduces the concept of route-sets. The definition of route-sets is 
some routes arranged in a precise order by some characteristics. Webb and Larson (1995) 
introduced this concept taking a broad view of Larson’s work. The goal is to minimise in all the 
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route-sets defined previously, the number of vessels required. The size of the necessary fleet is 
determined based on a current cyclic fleet schedule, instead of a cumulative utilisation measure. 
Significant reductions in the number of vehicles required were obtained in the computational 
results. Notwithstanding its reduction, none individual route was assigned to a particular vehicle. 
In the following years, Viswanathan and Mathur (1997) started with the concept of stationary 
nested joint replenishment policy. The concept of Nested can be used when the replenishment 
interval of a customer is larger than the interval of another customer served on the same route; 
then the first is a multiple of the second. In the 4th approach of section 2.6, an illustrative example 
is explained.  
The next paper that is considered is Campbell and Hardin (2005). The intention is to minimise 
the number of vehicles required to make periodic delivery routes that means that the time between 
iterations of a route is always the same. The first supposition made is restricting the number of 
trips per day of a vehicle limited to one. The complexity of this problem was classified as NP-hard 
after the analysis of the results. For this reason, a greedy heuristic is proposed to find the solution 
to the problem. The second supposition removes the first and then, no restrictions on the number 
of trips per day of a vehicle is done. It hugely growths the complexity of the solution and to solve 
it, a modification of the greedy algorithm is made. To reduce the required fleet size, the problem 
is generalised by consenting the frequency of the routes to be adjusted. 
In 2006, Aghezzaf, Raa, & Landeghem considered the fixed cost rate for each vehicle in the 
cyclic inventory routing problem. There, like in other papers, customers are split into clusters, and 
then these clusters are divided into subgroups. The objective for each cluster is to create multi-
tours, i.e., with the same cycle time a set of routes are made by the same vehicle. The cycle time 
is defined as a continuous value. To solve this problem, a modified Clarke & Wright heuristic is 
proposed with the aim to minimise the cost and cover all the customers. 
Two years later, Raa and Aghezzaf (2008) extended their own paper changing the multi-tours 
method to distribution patterns. The difference between both is that in this case varying the cycle 
time is allowed. The restriction is that a base cycle time is proposed and then all routes of this 
distribution patterns are multiples of it and, like the previous paper, these are continuous values. 
Due to the limitation of the practical applicability in the previous papers assuming continuous 
values of cycle times in 2009, Raa & Aghezzaf, developed a new version that maintains the 
distribution patterns and considers the cycle times to be integer numbers of days. Also, a 
constraint in the driving time is taken into account.  
Based on the papers that have been taken into account, the contribution is to elaborate a master 
dissertation on the design of nested routes for the CIRP, taking into account both the ideas of 
Viswanathan and Mathur (1997) and Raa and Aghezzaf (2009). 
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CHAPTER III 
4. Solution approach 
4.1 Clarke & Wright 
Clarke and Wright (1964) published an algorithm for the resolution of the VRP. It is an 
algorithm based on the concept of savings. 
The situation is the standard: from a central depot, some quantities of goods must be 
delivered to some customers. For the transport of these goods, it needs a number of vehicles 
available, each with a specific capacity. Each vehicle of the solution must carry out a determined 
route starting and finishing in the depot and deliver the required quantity of product to each one 
of the customers through which the route itself goes. The problem, as mentioned earlier, will 
determine what customers will be part of each route, what will be the sequence of customers and 
which vehicle will cover each trip. 
The goal will be to find the solution that minimises the total cost of the routes while satisfying 
all the constraints of the problem (demands, capacities,...). 
A savings algorithm is a heuristic, which means that it might not provide the optimal solution. 
However, it has been proved to be one of the methods that bestow solutions with a reasonable 
runtime and deviate a few degrees from the real optimum. 
The concept of savings arises from the saving costs that involves joining two routes in one. It 
would be graphically explained as follows: 
 
Figure 2: Clarke and Wright algorithm savings concept 
(a) Being the point 0 the central depot, the clients 𝑖 and 𝑗 are visited on two different routes.  
(b) Being the point 0 the central depot, the customers 𝑖 and 𝑗 are visited in the same route. 
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Knowing the costs that result from making any of the combinations: 𝑐0𝑖,  𝑐𝑖0,  𝑐0𝑗 ,  𝑐𝑗0, 𝑐𝑖𝑗; in this 
simple case it is obvious to see that option (b) will be cheaper. Well, this is an algorithm of savings; 
seeing which routes represent a saving in the total of costs raised. And this is how the Clarke and 
Wright algorithms works, starting with considering routes to visit all customers, where each route 
includes a single client. Next, the two routes that are feasible to join together and which entail 
maximum savings, are chosen to be joined. And similarly, the same is done in each iteration. 
The algorithm is divided into the next steps: 
Step 0: The savings are computed for each pair of knots or edges respect to the warehouse. 
The saving is the reduction of the route that is obtained by going directly from one customer to 
another without going through the warehouse.  
𝑠𝑖𝑗 = (2𝑐𝑖0 +  2𝑐0𝑗) − (𝑐𝑖𝑗 + 𝑐𝑖0 +  𝑐0𝑗) (9) 
𝑠𝑖𝑗 = 𝑐0𝑖 +  𝑐0𝑗 −  𝑐𝑖𝑗 (10) 
Step 1: The edges are ordered for savings in decreasing order. 
Step 2: For each pair, the following situations are considered: 
a) If neither 𝑖 nor 𝑗 belongs to any petals, the corresponding petal is created, provided 
that there is enough capacity 𝑀 in the vehicle of the route and the duration of the 
route is less than 8 hours: 
𝐷𝑖 + 𝐷𝑗 ≤ 𝑀 (11) 
 
Figure 3: Creation of a petal if neither 𝑖 nor 𝑗 belongs to any petals  
b) If 𝑖 belongs to the petal 𝑝 and it is adjacent to the depot and 𝑗 does not belong to any 
petal and the total demand (and duration of the route) is admissible, then the 
customer is added to the petal next to the depot. 
 
∑ 𝐷𝑘
𝑘∈𝑝
+ 𝐷𝑗 ≤ 𝑀 (12) 
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Figure 4: Addition of the customer 𝑖 next to the depot of petal 𝑝 
c) If 𝑖 belongs to the petal 𝑝, 𝑗 belongs to the petal 𝑝’ and the sum of demand rates of 
both petals is lower than the transport capacity 𝑀, the duration of the route is less 
than 8 hours and both are adjacent to the depot, the two petals are joined together 
into one. 
 
∑ 𝐷𝑘
𝑘∈𝑝
+  ∑ 𝐷𝑙
𝑙∈𝑝′
≤ 𝑀 (13) 
 
Figure 5: Joining two petals into one 
d) If 𝑖 and 𝑗 already belong to the same petal, that pair is ignored. 
 
Figure 6: Ignoring the pair because 𝑖 and 𝑗 belong to the same petal 
e) If 𝑖 and 𝑗 belong to different petals but either one of them or both are not adjacent to 
the depot, that pair is also ignored. 
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Figure 7: Ignoring the pair because 𝑖 or/and 𝑗 belong to different petals and at least one of them is not 
adjacent to the depot  
Step 3: If all the customers are already attached to a petal, the possibility of merging them is 
systematically analysed. 
Also, the maximum number of hours per day is set to 8. This model is mainly used to have 
an upper-bound of the solution. However, it does not take into account holding costs. The next 
models will consider these costs. 
4.2 Jointly visited routes 
This model uses the same routes as the first one. The difference is that in this case a cycle 
time is added, i.e., a time that indicates how often this route should be carried out. This cycle time 
is expressed in days and allows computing the replenishment quantities for each customer in 
every route. 
Once the replenishment quantities are known, the inventory costs are computed using the 
next formula: 
𝑡𝑜𝑡𝑎𝑙 𝑖𝑛𝑣𝑒𝑛𝑡𝑜𝑟𝑦 𝑐𝑜𝑠𝑡𝑠 =  
ℎ𝑐
2
∗ ∑ 𝑟𝑞𝑖
𝑁
𝑖=1
 (14) 
Where ℎ𝑐 is the holding cost and 𝑟𝑞𝑖 are the replenishment quantities of each customer 𝑖. It is 
necessary to divide everything by 2 because then, we are computing the mean of the 
replenishment quantities. The replenishment quantities of each customer 𝑖 is calculated using the 
Formula 15 where 𝑥𝑖 is the cycle time of each customer and 𝑑𝑒𝑚𝑅𝑎𝑡𝑒𝑖 is the demand rate of each 
customer: 
𝑟𝑞𝑖 =  𝑥𝑖 ∗ 𝑑𝑒𝑚𝑅𝑎𝑡𝑒𝑖 (15) 
The routing costs in this model also differ from the first one because the routes are not performed 
every day: 
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𝑡𝑜𝑡𝑎𝑙 𝑟𝑜𝑢𝑡𝑖𝑛𝑔 𝑐𝑜𝑠𝑡𝑠 =  ∑ 𝑟𝑜𝑢𝑡𝑖𝑛𝑔 𝑐𝑜𝑠𝑡𝑠𝑗
𝑅
𝑗=1
 (16) 
𝑟𝑜𝑢𝑡𝑖𝑛𝑔 𝑐𝑜𝑠𝑡𝑠𝑗 =
𝑑𝑖𝑠𝑗 ∗ 𝑣𝑎𝑟𝐶𝑜𝑠𝑡
𝑥𝑗
 
(17) 
Where 𝑑𝑖𝑠𝑗 (in hours) is the travelling time of the route 𝑗, 𝑣𝑎𝑟C𝑜𝑠𝑡 is the cost per hour and 𝑥𝑗 
is the cycle time of the route 𝑗. 
Finally, the total cost is computed by adding total inventory costs and total routing costs. 
4.3 Separate routes 
In this model, every customer has its own route. The problem lies in finding the optimal cycle time 
and then the quantities to be transported in each delivery. 
[𝑀𝐼𝑁] 𝑧𝑖 = ℎ𝑐 ∗ (𝑥𝑖 ∗
𝑑𝑒𝑚𝑅𝑎𝑡𝑒𝑖
2
) + 𝑡𝑐 ∗
2 ∗ 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒0𝑖
𝑥𝑖
 (18) 
 
Where 𝑧𝑖 is the cost rate of each customer, ℎ𝑐 is the holding cost, 𝑥𝑖 is the cycle time of each 
customer, 𝑑𝑒𝑚𝑅𝑎𝑡𝑒𝑖 is the demand rate of each customer, 𝑡𝑐 is the travel cost per hour and 
𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒0𝑖 is the distance between depot and customer in hours.  
The first part of the objective function number 18 is the one affecting the inventory costs and 
the second part of the sum is the routing costs or transportation costs. The solution that the 
objective function gives is the cycle time and the total cost of each customer (or route). 
𝑡𝑜𝑡𝑎𝑙 𝑐𝑜𝑠𝑡𝑠 =  ∑ 𝑡𝑜𝑡𝑎𝑙 𝑐𝑜𝑠𝑡𝑠𝑖
𝑁
𝑖=1
 (19) 
4.4 Mixed routes 
This model is a mix between Jointly Visited model and Separate Routes model explained 
previously. Firstly, for each customer, it is computed the optimal cycle time like if they were on 
separate routes (Formula 18). Then, if the Formula 20 is right for a specific customer, this will 
have its own route. 
𝑥𝑖 =  ⌊
𝑀
𝑑𝑒𝑚𝑅𝑎𝑡𝑒𝑖
⌋ ∀ 𝑖 
(20) 
Where 𝑥𝑖 is the cycle time of each customer, 𝑀 is the capacity of the vehicle and 𝑑𝑒𝑚𝑅𝑎𝑡𝑒𝑖 
is the demand rate of each customer. 
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For the other customers that are not in any route, a new Jointly Visited model is computed 
without taking into account the ones that are on separate routes. 
4.5 Local search optimisation 
A common heuristic method for solving computational hard optimisation problems is local 
search. It is used to solve problems that have multiple solutions. This type of algorithms analyses 
all the possible solutions in the search space by applying local variations until a solution is 
considered optimal or a certain time is reached. 
After computing a model and getting an initial solution, local search can be applied. In every 
iteration, it evaluates a possible solution in its neighbourhood, and if it is better than the best 
current one, this solution is saved as the best. It ends when no better solution exists in its 
neighbourhood. 
In this local search, the 2-opt neighbourhood search is used. 2-opt is a simple algorithm for 
solving the Travelling Salesman Problem (TSP) first proposed by Croes in 1958 although the 
basic move had already been suggested by Flood in 1956. The 2-opt algorithm removes two 
edges that are non-adjacent from a precise route and re-joins the two paths generated. This is 
often denoted to as a 2-opt move. 
In this thesis, the local search will be applied to every model explained above except Clarke 
& Wright and the Separate Routes model because every customer has its own route, so it is not 
necessary. 
To understand the 2-opt heuristic an illustrative example is explained below: 
Assume that this is the initial solution obtained from Mixed Routes model of a specific route 
where the depot is A and B, C, D, E, F are the customers. 
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Figure 8: Initial solution. Source: Rahman, A. (2012) 
In Figure 8 can be observed that the total cost of the route is 47. To improve the solution, a 
2-opt algorithm over this solution is applied. Firstly, the edge AD is selected, and then, 
consequently, an edge that is not adjacent to the edge being considered must be selected. In this 
case, it is selected the edge BE. After, AD and BE (in blue) are replaced by AB and DE (in red). 
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Figure 9: Solution after swapping AD and BE for AB and DE. Source: Rahman, A. (2012) 
In Figure 9 can be seen that the sum of the new edges (56) is higher than the sum of the 
original edges (47). Then, the edges are not replaced. Now, consider the next edge, DC, the only 
non-adjacent edge is EF. 
 
Figure 10: Solution after swapping DC and EF for CF and DE. Source: Rahman, A. (2012) 
In Figure 10 can be appreciated that the sum of the new edges (41) is lower than the sum of 
the original edges (47). For that, in the new solution, the edges are replaced. 
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The next edge to be considered is DE and its non-adjacent edge CF. As the replaceable 
edges are higher (47) than the new best solution (41), DE and CF are not replaced. It can be 
observed in Figure 11. 
 
Figure 11: Solution after swapping DE and CF for DC and EF. Source: Rahman, A. (2012) 
The next edge to be studied is EB and its non-adjacent edge FA. As it can be seen in 
Figure 12, no edge replacement is necessary in this case because the replaceable edges 
solution is higher (67) than the best solution (41). 
 
Figure 12: Solution after swapping EB and AF for AB and EF. Source: Rahman, A. (2012) 
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Moving on to the next edge, BC, its non-adjacent edge is AD. In this case (Figure 13), the 
solution (44) is also higher than the best solution (41), and therefore, no changes are made. 
 
Figure 13: Solution after swapping AD and BC for AB and DC. Source: Rahman, A. (2012) 
Now, consider the next edge CF. The non-adjacent edge is DE. In this scenario (Figure 14) 
the solution (47) is higher again than the best solution found at this moment (41), so no changes 
are made. 
 
Figure 14: Solution after swapping DE and FC for DC and EF. Source: Rahman, A. (2012) 
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Finally, the last edge to be considered is FA and its non-adjacent edge, EB. As shown in 
Figure 15, the solution (59) is also higher than the best solution found in the 2-opt method so any 
changes are made and then, the final solution (41), is the same as Figure 10 on the right, and it 
is an improvement of the initial solution. 
 
Figure 15: Solution after swapping AF and BE for AC and EF. Source: Rahman, A. (2012) 
4.6 Nested routes 1 
Once we have the initial solutions done, we can go to the nested approaches. Starting with 
the improvement of initial solution results, we need to find the customer with the higher demand 
rate. After finding it, the route where this customer is in the improvement is saved, and we also 
add another route with this customer alone. For example, imagine there is a solution to the 
improvement of initial solutions where the routes of 6 customers are [0-1-2-5-6-0] and [0-3-4-0] 
where 0 is the depot. If the higher demand rate of these customers is number 3, the first routes 
would be [0-3-4-0] and [0-3-0]. Later, a new Jointly Visited model is applied to find the final results 
that could be something like [0-3-4-0], [0-3-5-6-0] and [0-1-2-0]. 
Once we have the customer that is going to be in a nested route, the most challenging part 
to programme is the computation of the cycle time and the replenishment quantities of each route 
taking into account that there is a nested route with customer 3. To do it, first, we compute the 
minimum cycle time of the two nested routes (𝑥0𝑚𝑖𝑛 and 𝑥1𝑚𝑖𝑛) dividing the capacity by the 
demand rate of each customer (Formulas 21 and 22) and then, we compare it to the total capacity 
of the vehicle divided by sum of the demand rates of the customers except for the customer that 
will be in the nested routes (Formulas 23 and 24) and we take the minimum of them. 
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x0min = 𝑚𝑖𝑛 (
𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦𝑖
𝑑𝑒𝑚𝑅𝑎𝑡𝑒𝑖
) ∀ 𝑐𝑢𝑠𝑜𝑚𝑒𝑟 𝑖 ∈ 𝑟𝑜𝑢𝑡𝑒 1  
(21) 
x1min = 𝑚𝑖𝑛 (
𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦𝑖
𝑑𝑒𝑚𝑅𝑎𝑡𝑒𝑖
) ∀ 𝑐𝑢𝑠𝑡𝑜𝑚𝑒𝑟 𝑖 ∈ 𝑟𝑜𝑢𝑡𝑒 2 
(22) 
x0min = min (x0min,
𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦 𝑜𝑓 𝑡ℎ𝑒 𝑣𝑒ℎ𝑖𝑐𝑙𝑒
(∑ 𝑑𝑒𝑚𝑅𝑎𝑡𝑒𝑖 − 𝑑𝑒𝑚𝑅𝑎𝑡𝑒𝑛𝑒𝑠𝑡𝑒𝑑 𝑐𝑢𝑠𝑡𝑜𝑚𝑒𝑟)
𝑁
𝑖=0
) ∀ 𝑐𝑢𝑠𝑡. 𝑖 ∈ 𝑟𝑜𝑢𝑡𝑒 1 
(23) 
x1min = min (x1min,
𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦 𝑜𝑓 𝑡ℎ𝑒 𝑣𝑒ℎ𝑖𝑐𝑙𝑒
(∑ 𝑑𝑒𝑚𝑅𝑎𝑡𝑒𝑖 − 𝑑𝑒𝑚𝑅𝑎𝑡𝑒𝑛𝑒𝑠𝑡𝑒𝑑 𝑐𝑢𝑠𝑡𝑜𝑚𝑒𝑟)
𝑁
𝑖=0
) ∀ 𝑐𝑢𝑠𝑡. 𝑖 ∈ 𝑟𝑜𝑢𝑡𝑒 2 
(24) 
The possible replenishment quantities for the nested customers of these two routes (𝑦0 
and 𝑦1) are computed and added into a list of potential solutions. To do it, all the possible cycle 
times for route 1 and for route 2 are analysed. 
𝑦0 =
𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦 𝑜𝑓 𝑡ℎ𝑒 𝑣𝑒ℎ𝑖𝑐𝑙𝑒
𝑗
− ∑ 𝑑𝑒𝑚𝑅𝑎𝑡𝑒𝑖 − 𝑑𝑒𝑚𝑅𝑎𝑡𝑒𝑛𝑒𝑠𝑡𝑒𝑑 𝑐𝑢𝑠𝑡𝑜𝑚𝑒𝑟
𝑁
𝑖=0
 ∈ 𝑗=1…𝑥0𝑚𝑖𝑛
𝑐𝑢𝑠𝑡.  𝑖 ∈ 𝑟𝑜𝑢𝑡𝑒 1 
(25) 
If 0 < 𝑦0 < 𝑑𝑒𝑚𝑅𝑎𝑡𝑒𝑛𝑒𝑠𝑡𝑒𝑑 𝑐𝑢𝑠𝑡𝑜𝑚𝑒𝑟 then; 
𝑦1 = 𝑑𝑒𝑚𝑅𝑎𝑡𝑒𝑛𝑒𝑠𝑡𝑒𝑑 𝑐𝑢𝑠𝑡𝑜𝑚𝑒𝑟 − 𝑦0 (26) 
and the solution [𝑦0,𝑦1] is saved as a possible solution of the replenishment quantity for the 
nested customer of route 1 and 2. 
Again, but for the other cycle time: 
𝑦1 =
𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦 𝑜𝑓 𝑡ℎ𝑒 𝑣𝑒ℎ𝑖𝑐𝑙𝑒
𝑘
− ∑ 𝑑𝑒𝑚𝑅𝑎𝑡𝑒𝑖 − 𝑑𝑒𝑚𝑅𝑎𝑡𝑒𝑛𝑒𝑠𝑡𝑒𝑑 𝑐𝑢𝑠𝑡𝑜𝑚𝑒𝑟
𝑁
𝑖=0
 ∈𝑘=1…𝑥1𝑚𝑖𝑛
𝑐𝑢𝑠𝑡.  𝑖 ∈ 𝑟𝑜𝑢𝑡𝑒 2 
(27) 
If 0 < 𝑦1 < 𝑑𝑒𝑚𝑅𝑎𝑡𝑒𝑛𝑒𝑠𝑡𝑒𝑑 𝑐𝑢𝑠𝑡𝑜𝑚𝑒𝑟 then; 
𝑦0 = 𝑑𝑒𝑚𝑅𝑎𝑡𝑒𝑛𝑒𝑠𝑡𝑒𝑑 𝑐𝑢𝑠𝑡𝑜𝑚𝑒𝑟 − 𝑦1 (28) 
and the solution [𝑦0,𝑦1] is saved as a possible solution of the replenishment quantity for the 
nested customer of route 1 and 2. 
All these possible solutions [𝑦0,𝑦1] are analysed one by one, and the chosen one is which 
have the lowest inventory cost. Then, the other cycle time and replenishment quantities of the 
other routes are calculated, and finally, the total cost is computed. 
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4.7 Nested routes 2 
In this model, we start with the same solution as the previous model but, in this case, we take 
into account the customers that had its own routes. For example, imagine there is a solution to 
the improvement of initial solutions where the routes of seven customers are [0-1-0], [0-3-0], [0-
2-4-0] and [0-5-6-7-0]. First, every route that has a single customer, it is separate, and it is not 
possible to do a nested route with them. In case the highest demand rate is from customer 3, we 
should go to the highest demand rate between customers 2, 4, 5, 6 or 7. In case it was customer 
4, the nested route would be [0-2-4-0] and [0-4-0]. Later, a new Jointly Visited model is applied to 
find the final results that could be something like [0-1-0], [0-3-0], [0-2-4-0], [0-5-7-0] and [0-4-6-0]. 
Once we have the solution, again, the most difficult part to the programme is the computation 
of the cycle time and the replenishment quantities of each route taking into account that there is 
a nested route with customer 4. To do it, first, we compute the minimum cycle time of the two 
nested routes dividing the capacity by the demand rate (in this case of customer 4). Then, the 
possible replenishment quantities of this two routes are computed and added into a list of potential 
solutions. These are analysed one by one, and the chosen one is which have the lowest inventory 
cost. Then, the other cycle time and replenishment quantities of the other routes are calculated, 
and finally, the total cost is computed. 
Finally, this model is repeated until no more improvements are achieved so, perhaps, for one 
instance the best total cost is with three nested customers, and another instance could be with 
seven nested customers. In case any error appears in the program, it returns the results of the 
Mixed routes model.  
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CHAPTER IV 
5. Computational experiments 
In this section, all the different solution from the methods presented previously are presented 
using a set of 320 benchmark instances introduced by Raa (2006) in a 10×25 full factorial design 
including five elements that each have two possible options and ten instances per element 
combination. The characteristics of the instances are the following as explained in Raa et al. 
(2016): 
 The vehicle capacity (vcap) is ‘Large’ (100 units) or ‘Small’ (50 units). The 
corresponding fixed costs are ψ = 400 and ψ = 240 euro per day, and the 
corresponding variable costs are 1.2 and 1 euro per kilometre. Both large and small 
vehicles are assumed to have an average speed of 50 kilometres/hour. 
 Customer capacity restrictions (ccap). When the customer capacity restriction is 
active (level ‘Yes’), the customer storage capacity is generated randomly such that it 
can hold between 2 to 10 days of supply. Otherwise (level ‘No’), the customer storage 
capacity equals the vehicle capacity. 
 The holding cost rate (hc) is either ‘High’ or ‘Low‘, at 𝜂𝑗 = 80 or 𝜂𝑗 = 8 eurocent per 
unit per day, ∀ j ∈ S. 
 Number of customers (nr). The two levels of this factor are [30−70] and [80−120]. 
This factor is a randomised factor, meaning that instead of considering two fixed 
values for the factor, values are generated randomly in two distinct intervals. 
 Size of the service area (area). All customers are located within a circle that has a 
certain radius and is centred at the depot. The radius of this circle is also a 
randomised factor, with two intervals [75-100] kilometre and [150-175] kilometre. 
 Customer demand rates are randomly generated between one and ten units per day. 
Loading and dispatching the vehicles is assumed to take half an hour (𝑡0 = 0.5 hours) 
and cost 20 euro (𝜙0 = 20 €), while deliveries at the customers are assumed to take 
15 minutes and cost 10 euro (𝑡𝑗 = 0.25 hours, 𝜙𝑗 = 10 €, ∀ j ∈ S). 
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5.1 Clarke & Wright 
In the results tables, all the boxes marked in green mean that it is the best solution that has 
found comparing it with the other models. Next, in Table 2, the average results of the Clarke & 
Wright model are shown for the 32 possible options. As previously mentioned, this model serves 
as an upper bound for the next models. Looking at Table 2, we observe that, on average, the 
number 26 has a better solution than any other model. This reason is that the Clarke & Wright 
model does not take inventory costs into account and the cycle time of all routes for the Jointly 
Visited model is one day for each route. 
Data Clarke & Wright 
num vcap ccap hc nr area Total cost N routes 
1 L N H L L 7.396,81 € 18,6 
2 L N H L S 3.180,71 € 9,2 
3 L N H S L 4.050,15 € 10,1 
4 L N H S S 1.946,84 € 6 
5 L N L L L 7.396,81 € 18,6 
6 L N L L S 3.180,71 € 9,2 
7 L N L S L 4.050,15 € 10,1 
8 L N L S S 1.946,84 € 6 
9 L Y H L L 7.396,81 € 18,6 
10 L Y H L S 3.180,71 € 9,2 
11 L Y H S L 4.050,15 € 10,1 
12 L Y H S S 1.946,84 € 6 
13 L Y L L L 7.396,81 € 18,6 
14 L Y L L S 3.180,71 € 9,2 
15 L Y L S L 4.050,15 € 10,1 
16 L Y L S S 1.946,84 € 6 
17 S N H L L 6.432,46 € 19,3 
18 S N H L S 2.976,67 € 11,4 
19 S N H S L 3.482,45 € 10,1 
20 S N H S S 1.756,77 € 6,7 
21 S N L L L 6.432,46 € 19,3 
22 S N L L S 2.976,67 € 11,4 
23 S N L S L 3.482,45 € 10,1 
24 S N L S S 1.756,77 € 6,7 
25 S Y H L L 6.432,46 € 19,3 
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26 S Y H L S 2.976,67 € 11,4 
27 S Y H S L 3.482,45 € 10,1 
28 S Y H S S 1.756,77 € 6,7 
29 S Y L L L 6.432,46 € 19,3 
30 S Y L L S 2.976,67 € 11,4 
31 S Y L S L 3.482,45 € 10,1 
32 S Y L S S 1.756,77 € 6,7 
Table 2: Average results of Clarke & Wright model 
 
Figure 16: Routes of instance 0 of L-N-H-S-L for the Clarke & Wright model 
As we can see in Figure 16, there is an example of the solution of the Clarke & Wright model 
for the instance 0 of the scenario L-N-H-S-L (number 3 of Table 2). In this solution, 13 routes are 
necessary to visit all the customers and, every route has a cycle time of one day. For this reason, 
the total costs of the routes are higher (except case 26) than the other models. 
In addition, the full results of the Clarke & Wright model of the 320 instances can be found in 
Annex A. 
5.2 Jointly Visited routes 
In Table 3, the average results of the Jointly Visited model are shown for the 32 possible 
options. As we can observe in Table 3, all the average results have been improved except the 
numbers 18, 22, 26 and 30, as already explained in the previous results. In this case, there has 
been an improvement concerning the previous model of 28.8% and the maximum improvement 
has been in the scenario 7 with a 72.1%. 
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Data Jointly visited 
num vcap ccap hc nr area Total cost N routes 
1 L N H L L 3.246,31 € 18,6 
2 L N H L S 2.679,18 € 9,2 
3 L N H S L 1.452,77 € 10,1 
4 L N H S S 1.332,56 € 6 
5 L N L L L 2.677,38 € 18,6 
6 L N L L S 2.431,75 € 9,2 
7 L N L S L 1.129,98 € 10,1 
8 L N L S S 1.160,56 € 6 
9 L Y H L L 3.829,56 € 18,6 
10 L Y H L S 2.694,11 € 9,2 
11 L Y H S L 1.851,47 € 10,1 
12 L Y H S S 1.381,11 € 6 
13 L Y L L L 3.400,34 € 18,6 
14 L Y L L S 2.449,78 € 9,2 
15 L Y L S L 1.631,86 € 10,1 
16 L Y L S S 1.229,81 € 6 
17 S N H L L 5.005,86 € 19,3 
18 S N H L S 3.166,60 € 11,4 
19 S N H S L 2.313,69 € 10,1 
20 S N H S S 1.734,64 € 6,7 
21 S N L L L 4.732,70 € 19,3 
22 S N L L S 2.982,47 € 11,4 
23 S N L S L 2.168,16 € 10,1 
24 S N L S S 1.634,66 € 6,7 
25 S Y H L L 5.108,10 € 19,3 
26 S Y H L S 3.166,64 € 11,4 
27 S Y H S L 2.434,76 € 10,1 
28 S Y H S S 1.734,38 € 6,7 
29 S Y L L L 4.849,25 € 19,3 
30 S Y L L S 2.983,37 € 11,4 
31 S Y L S L 2.304,45 € 10,1 
32 S Y L S S 1.635,51 € 6,7 
Table 3: Average results of the Jointly Visited model 
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Route 
number 
Customers and replenishment quantities 
Cycle 
time 
1 
Customers: [0, 38, 37, 15, 26, 35, 31, 41, 0] 
Rep. quant.: [6.8, 18.0, 17.2, 2.4, 6.0, 18.4, 16.0] 
2 
2 
Customers: [0, 27, 6, 9, 22, 39, 0] 
Rep. quant.: [7.2, 19.2, 3.2, 27.2, 2.4] 
4 
3 
Customers: [0, 18, 11, 8, 2, 33, 24, 43, 10, 40, 5, 29, 20, 0] 
Rep. quant.: [9.4, 3.8, 1.2, 5.8, 9.0, 7.4, 5.6, 2.0, 7.2, 3.6, 2.0, 5.8] 
1 
4 
Customers: [0, 36, 1, 17, 4, 14, 0] 
Rep. quant.: [8.0, 7.2, 19.2, 15.2, 3.2] 
4 
5 
Customers: [0, 30, 12, 19, 21, 3, 7, 28, 25, 16, 0] 
Rep. quant.: [5.6, 12.4, 10.8, 19.6, 8.4, 3.2, 8.4, 16.0, 9.2] 
2 
6 
Customers: [0, 13, 23, 42, 0] 
Rep. quant.: [18.4, 32.8, 14.4] 
4 
7 
Customers: [0, 32, 34, 0] 
Rep. quant.: [37.0, 2.0] 
5 
Table 4: Results of the instance 2 of the scenario L-Y-L-S-S for the Jointly Visited model 
In Table 4 we can see the results of one of the 320 different instances that we have. In this 
example, for this model, seven different routes are needed to deliver the product to the 43 
customers. The total cost of this instance is 950.93€. 
 
Figure 17: Routes of instance 0 of L-N-H-S-L for the Jointly Visited model 
In Figure 17, we can observe that the solution of the routes is the same as the Clarke & Wright 
model for the instance 0 of the scenario L-N-H-S-L (number 3 of Table 3). The reason behind this 
results is that this model has the same routes, but we add a cycle time to reduce the transportation 
costs although we increase the holding costs. 
In addition, the full results of the Jointly Visited model of the 320 instances can be found in 
Annex B. 
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5.3 Separate routes 
In Table 5, the average results of the Separate routes model are shown for the 32 possible 
options. This model is the best solution for a 42.8% of the 320 instances, and on average 16 out 
of the 32 options is the best solution. This means that this model has to be taken into account 
when designing new models. 
If we compare the results with the Jointly Visited model, an improvement of the 3.3% on 
average has been made and a 32.8% with the Clarke & Wright model. 
Data Separate routes 
num vcap ccap hc nr area Total cost N routes 
1 L N H L L 4.010,42 € 105,7 
2 L N H L S 2.970,90 € 98 
3 L N H S L 1.759,78 € 44,8 
4 L N H S S 1.459,51 € 48,6 
5 L N L L L 1.574,64 € 105,7 
6 L N L L S 1.049,15 € 98 
7 L N L S L 698,80 € 44,8 
8 L N L S S 514,13 € 48,6 
9 L Y H L L 6.261,78 € 105,7 
10 L Y H L S 4.101,96 € 98 
11 L Y H S L 2.717,39 € 44,8 
12 L Y H S S 1.974,52 € 48,6 
13 L Y L L L 5.134,10 € 105,7 
14 L Y L L S 3.110,03 € 98 
15 L Y L S L 2.241,05 € 44,8 
16 L Y L S S 1.493,89 € 48,6 
17 S N H L L 3.870,74 € 105,7 
18 S N H L S 2.804,39 € 98 
19 S N H S L 1.703,71 € 44,8 
20 S N H S S 1.378,08 € 48,6 
21 S N L L L 2.285,25 € 105,7 
22 S N L L S 1.424,82 € 98 
23 S N L S L 1.022,53 € 44,8 
24 S N L S S 698,02 € 48,6 
25 S Y H L L 5.535,19 € 105,7 
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26 S Y H L S 3.701,63 € 98 
27 S Y H S L 2.400,99 € 44,8 
28 S Y H S S 1.784,32 € 48,6 
29 S Y L L L 4.416,38 € 105,7 
30 S Y L L S 2.722,55 € 98 
31 S Y L S L 1.927,66 € 44,8 
32 S Y L S S 1.309,19 € 48,6 
Table 5: Average results of Separate routes model 
 
Figure 18: vcap comparison between Jointly Visited model and Separate Routes 
As we can see in Figure 18, on average, in almost every instance, the total cost of the 
Separate Routes model is higher than the Jointly Visited model when the level of the vehicle 
capacity is set to Large except when it does not exist a restriction on the customer capacity. On 
the other hand, when the vehicle capacity is Small, the Separate Routes model is always better 
than the Jointly Visited model except when it exists a constraint on the customer capacity, and 
the holding costs are High. 
 
Figure 19: ccap comparison between Jointly Visited model and Separate Routes 
As we can see in Figure 19, on average, in almost every instance, the total cost of the 
Separate Routes model is lower than the Jointly Visited model when it does not exist a restriction 
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on the customer capacity except when the vehicle capacity is set to Large. On the other hand, 
when it exists a constraint on the customer capacity, the Jointly Visited model is always better 
than the Separate Routes model except when the vehicle capacity is Small, and the holding costs 
are Low. 
 
Figure 20: hc comparison between Jointly Visited model and Separate Routes 
As we can see in Figure 20, on average, in almost every instance, the total cost of the Jointly 
Visited model is lower than the Separate Routes model when the holding costs are set to High 
except when the vehicle capacity is set to Large, and it exists a restriction on the customer 
capacity. On the other hand, when the holding costs are Low, the Separate Routes model is 
always better than the Jointly Visited model except when the vehicle capacity is Large, and it 
exists a constraint on the customer capacity. 
 
Figure 21: nr comparison between Jointly Visited model and Separate Routes 
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Figure 22: area comparison between Jointly Visited model and Separate Routes 
As we can see in Figure 21 and Figure 22, on average, when the area increases and the 
number of customers increases, the total cost also increases as it is expected because more 
routing and holding costs will be.  
In addition, the full results of the Separate routes model of the 320 instances can be found in 
Annex A. 
5.4 Mixed routes 
In Table 6, the average results of the Mixed routes model are shown for the 32 possible 
options. This model does not have any best solution on average because the improvement of 
initial solutions is made with this model and the Jointly Visited model but, on average, an 
improvement of a 38.9% respect the upper bound model Clarke & Wright has been done. 
Data Mixed routes 
num vcap ccap hc nr area Total cost N routes 
1 L N H L L 3.305,44 € 19,3 
2 L N H L S 2.679,18 € 9,2 
3 L N H S L 1.472,43 € 10,8 
4 L N H S S 1.332,56 € 6 
5 L N L L L 1.588,95 € 104,9 
6 L N L L S 1.069,66 € 97 
7 L N L S L 703,08 € 43,8 
8 L N L S S 523,41 € 47,6 
9 L Y H L L 3.847,04 € 18,7 
10 L Y H L S 2.694,11 € 9,2 
11 L Y H S L 1.854,81 € 10,2 
12 L Y H S S 1.381,11 € 6 
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13 L Y L L L 3.343,33 € 20,2 
14 L Y L L S 2.450,26 € 10,4 
15 L Y L S L 1.626,48 € 10,3 
16 L Y L S S 1.203,98 € 6,5 
17 S N H L L 4.053,23 € 66,5 
18 S N H L S 3.135,70 € 39,3 
19 S N H S L 1.783,64 € 38,6 
20 S N H S S 1.570,95 € 19,5 
21 S N L L L 2.285,79 € 104,8 
22 S N L L S 1.426,17 € 97 
23 S N L S L 1.023,73 € 44,2 
24 S N L S S 698,60 € 47,7 
25 S Y H L L 5.010,87 € 25,6 
26 S Y H L S 3.196,64 € 18,7 
27 S Y H S L 2.450,38 € 12,8 
28 S Y H S S 1.730,83 € 9,6 
29 S Y L L L 4.691,84 € 24,5 
30 S Y L L S 2.922,26 € 17,3 
31 S Y L S L 2.286,79 € 12,5 
32 S Y L S S 1.586,68 € 8,6 
Table 6: Average results of Mixed routes model 
Route 
number 
Customers and replenishment quantities 
Cycle 
time 
1 
Customers: [0, 14, 37, 60, 57, 6, 0] 
Rep. quant.: [1.2, 7.2, 10.8, 14.0, 1.2] 
2 
2 
Customers: [0, 61, 55, 22, 43, 51, 52, 59, 21, 38, 46, 0] 
Rep. quant.: [7.2, 8.6, 9.6, 2.6, 6.6, 2.6, 0.2, 1.0, 0.2, 5.4] 
1 
3 
Customers: [0, 16, 54, 42, 41, 36, 10, 1, 3, 0] 
Rep. quant.: [8.2, 9.6, 4.4, 2.2, 2.0, 1.8, 0.2, 2.4] 
1 
4 
Customers: [0, 23, 62, 49, 47, 29, 2, 24, 4, 25, 11, 18, 7, 58, 0] 
Rep. quant.: [2.2, 8.2, 6.4, 1.6, 2.0, 2.0, 2.0, 2.6, 5.2, 1.8, 3.8, 1.4, 3.8] 
1 
5 
Customers: [0, 48, 32, 35, 45, 31, 9, 40, 12, 17, 28, 53, 0] 
Rep. quant.: [1.6, 7.2, 4.0, 6.4, 1.2, 5.8, 5.0, 2.8, 0.6, 5.8, 6.6] 
1 
6 
Customers: [0, 13, 30, 34, 56, 5, 39, 44, 19, 0] 
Rep. quant.: [1.2, 3.8, 9.4, 7.8, 1.6, 3.6, 9.2, 7.6] 
1 
7 
Customers: [0, 15, 50, 0] 
Rep. quant.: [19.8, 28.2] 
3 
8 
Customers: [0, 8, 0] 
Rep. quant.: [45.0] 
5 
9 
Customers: [0, 20, 0] 
Rep. quant.: [50.0] 5 
10 
Customers: [0, 26, 0] 
Rep. quant.: [46.4] 
8 
 39 
11 
Customers: [0, 27, 0] 
Rep. quant.: [46.8] 9 
12 
Customers: [0, 33, 0] 
Rep. quant.: [46.8] 
6 
Table 7: Results of the instance 6 of the scenario S-Y-H-S-S for the Mixed routes model 
In Table 7 we can see the results of one of the 320 different instances that we have. In this 
example, for this model, 12 different routes are needed to deliver the product to the 62 customers. 
The total cost of this instance is 1999.64€. As we can see in the last five routes, five customers 
have their own route because the Formula 20 is right for them (previously computed the cycle 
time using Formula 18). 
 
Figure 23: Routes of instance 0 of L-N-H-S-L for the Mixed routes model 
In Figure 23, we can observe the solution obtained from the routes of the Mixed routes model 
for the instance 0 of the scenario L-N-H-S-L (number 3 of Table 5). As explained in section 4.4, 
this model is a mix between the Jointly visited model and the Separate routes model. As we can 
see, the routes 13 and 14 are routes with a single customer. In this instance, a reduction of 4.13€ 
per day has been made, so it would be a reduction of more than 1500 € each year respect the 
Jointly Visited model. Also, some improvements can be made to this solution, for example, the 
route 6 (in green). This improvement is made in the next model. 
In addition, the full results of the Mixed routes model of the 320 instances can be found in 
Annex B. 
5.5 Improvement of initial solutions 
In Table 8, the average results of the improvement of the initial solutions are shown for the 
32 possible options. In this case, on average, 1 of the 32 possible options has the best solution 
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compared with the other solutions and a 22.8% of the 320 instances, the best solution is this 
improvement, and a 39.7% of improvement with respect the Clarke & Wright model is achieved. 
Data 
Initial solutions 
improvement 
num vcap ccap hc nr area Total cost N routes 
1 L N H L L 3.194,45 € 18,8 
2 L N H L S 2.674,78 € 9,2 
3 L N H S L 1.438,03 € 10,3 
4 L N H S S 1.331,09 € 6 
5 L N L L L 1.588,95 € 104,9 
6 L N L L S 1.069,66 € 97 
7 L N L S L 703,08 € 43,8 
8 L N L S S 523,41 € 47,6 
9 L Y H L L 3.810,06 € 18,6 
10 L Y H L S 2.689,72 € 9,2 
11 L Y H S L 1.836,37 € 10,1 
12 L Y H S S 1.379,48 € 6 
13 L Y L L L 3.297,96 € 19,7 
14 L Y L L S 2.428,62 € 10 
15 L Y L S L 1.610,29 € 10,3 
16 L Y L S S 1.199,71 € 6,5 
17 S N H L L 4.048,67 € 66,5 
18 S N H L S 3.085,58 € 27,8 
19 S N H S L 1.782,88 € 38,6 
20 S N H S S 1.556,82 € 18,8 
21 S N L L L 2.285,79 € 104,8 
22 S N L L S 1.426,17 € 97 
23 S N L S L 1.023,73 € 44,2 
24 S N L S S 698,60 € 47,7 
25 S Y H L L 4.900,76 € 23,2 
26 S Y H L S 3.137,85 € 13,3 
27 S Y H S L 2.368,67 € 11,3 
28 S Y H S S 1.688,62 € 8,3 
29 S Y L L L 4.595,68 € 23 
30 S Y L L S 2.917,32 € 16,8 
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31 S Y L S L 2.207,09 € 11,1 
32 S Y L S S 1.573,38 € 8,3 
Table 8: Average results of the improvements of the initial solutions 
Route 
number 
Customers and replenishment quantities 
Cycle 
time 
1 
Customers: [0, 14, 37, 60, 57, 6, 0] 
Rep. quant.: [1.2, 7.2, 10.8, 14.0, 1.2] 
2 
2 
Customers: [0, 61, 55, 22, 43, 51, 52, 59, 21, 38, 46, 0] 
Rep. quant.: [7.2, 8.6, 9.6, 2.6, 6.6, 2.6, 0.2, 1.0, 0.2, 5.4] 
1 
3 
Customers: [0, 16, 54, 42, 41, 36, 1, 10, 3, 0] 
Rep. quant.: [8.2, 9.6, 4.4, 2.2, 2.0, 0.2, 1.8, 2.4] 
1 
4 
Customers: [0, 23, 62, 49, 47, 29, 2, 24, 4, 25, 11, 18, 7, 58, 0] 
Rep. quant.: [2.2, 8.2, 6.4, 1.6, 2.0, 2.0, 2.0, 2.6, 5.2, 1.8, 3.8, 1.4, 3.8] 
1 
5 
Customers: [0, 48, 32, 35, 45, 31, 9, 40, 12, 17, 28, 53, 0] 
Rep. quant.: [1.6, 7.2, 4.0, 6.4, 1.2, 5.8, 5.0, 2.8, 0.6, 5.8, 6.6] 1 
6 
Customers: [0, 13, 30, 34, 56, 5, 39, 44, 19, 0] 
Rep. quant.: [1.2, 3.8, 9.4, 7.8, 1.6, 3.6, 9.2, 7.6] 
1 
7 
Customers: [0, 15, 50, 0] 
Rep. quant.: [19.8, 28.2] 
3 
8 
Customers: [0, 8, 0] 
Rep. quant.: [45.0] 
5 
9 
Customers: [0, 20, 0] 
Rep. quant.: [50.0] 
5 
10 
Customers: [0, 26, 0] 
Rep. quant.: [46.4] 
8 
11 
Customers: [0, 27, 0] 
Rep. quant.: [46.8] 9 
12 
Customers: [0, 33, 0] 
Rep. quant.: [46.8] 
6 
Table 9: Results of the instance 6 of the scenario S-Y-H-S-S for the Improvement of initial solutions 
In Table 9 we can see the results of the same instance shown in Table 7. In this example, for 
this model, the number of routes is the same as the Mixed routes model. The total cost of this 
instance is 1990.98€. As we can see in bold font, the customer 1 and the customer 10 of the route 
number 3 have exchanged their position, and this move represents a reduction of 8.66€ per day 
(3161€ per year). 
As we can see in the following Figures (from 24 to 28) in every instance, on average, there 
has been an improvement compared to the first model. The highest differences are when it does 
not exist a constraint on the customer capacity, and the holding costs are Low. 
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Figure 24: vcap comparison between Jointly Visited model and the Improvement of initial solutions 
 
Figure 25: ccap comparison between Jointly Visited model and the Improvement of initial solutions 
 
Figure 26: hc comparison between Jointly Visited model and the Improvement of initial solutions 
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Figure 27: nr comparison between Jointly Visited model and the Improvement of initial solutions 
 
 
Figure 28: area comparison between Jointly Visited model and the Improvement of initial solutions 
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Figure 29: Routes of instance 0 of L-N-H-S-L for the improvements of the initial solutions 
 
In Figure 29, we can observe the solution obtained from the routes of the improvement of the 
initial solutions for the instance 0 of the scenario L-N-H-S-L (number 3 of Table 8). As explained 
in section 4.5, this model is a local search heuristic. As we can see, three routes have been 
improved, the routes number 6, 8 and 12. In this case, an improvement of a 0.8% is achieved 
compared to the Mixed routes model that corresponds to a reduction of 14.62 € each day (5336.30 
€ each year) and almost 7000 € every year compared to the Jointly Visited model. 
In addition, the full results of the Improvements of the initial solutions of the 320 instances 
can be found in Annex D. 
5.6 Nested routes 1 
In Table 10, the average results of Nested routes 1 model are shown for the 32 possible 
options. In this case, there aren’t any better solutions found on average, but there are some 
instances (of the 320) that there is a slight improvement (0.9%). For example, as we can see in 
Annex C in the instance 133 there is an enhancement with respect the improvement of initial 
solutions of a 6.4% that represents a reduction of 113.44€ per day (more than 41000 € each year) 
and an improvement of a 18% respect the first model (Jointly Visited model) with a reduction of 
more than 131000 € each year. 
Data Nested routes 1 
num vcap ccap hc nr area Total cost N routes 
1 L N H L L 3.225,95 € 18,8 
2 L N H L S 2.647,96 € 9,5 
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3 L N H S L 1.447,47 € 10,4 
4 L N H S S 1.298,98 € 6,1 
5 L N L L L 2.660,95 € 19,5 
6 L N L L S 2.377,39 € 10,2 
7 L N L S L 1.109,31 € 11 
8 L N L S S 1.136,24 € 6,8 
9 L Y H L L 3.826,70 € 18,7 
10 L Y H L S 2.664,45 € 9,5 
11 L Y H S L 1.836,60 € 10,4 
12 L Y H S S 1.360,56 € 6,1 
13 L Y L L L 3.375,12 € 18,8 
14 L Y L L S 2.409,74 € 9,5 
15 L Y L S L 1.605,51 € 10,5 
16 L Y L S S 1.188,12 € 6,3 
17 S N H L L 5.036,92 € 20 
18 S N H L S 3.215,03 € 11,9 
19 S N H S L 2.304,11 € 11 
20 S N H S S 1.721,28 € 7,3 
21 S N L L L 4.744,68 € 20,1 
22 S N L L S 3.009,38 € 12,2 
23 S N L S L 2.151,33 € 11 
24 S N L S S 1.612,51 € 7,7 
25 S Y H L L 5.125,00 € 19,3 
26 S Y H L S 3.183,31 € 11,6 
27 S Y H S L 2.430,92 € 10,4 
28 S Y H S S 1.721,35 € 7 
29 S Y L L L 4.881,77 € 19,5 
30 S Y L L S 3.027,96 € 11,6 
31 S Y L S L 2.274,76 € 10,4 
32 S Y L S S 1.622,72 € 6,9 
Table 10: Average results of Nested routes 1 model 
Route 
number 
Customers and replenishment quantities 
Cycle 
time 
1 
Customers: [0, 80, 65, 40, 19, 6, 45, 22, 5, 76, 81, 0] 
Rep. quant.: [16.8, 2.4, 8.8, 7.6, 19.6, 1.6, 4.4, 12.8, 12.8, 13.2] 
2 
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2 
Customers: [0, 4, 6, 39, 60, 31, 30, 23, 72, 11, 41, 0] 
Rep. quant.: [9.2, 0.2, 9.6, 9.6, 4.8, 6.6, 4.2, 5.6, 2.8, 8.6] 
1 
3 
Customers: [0, 54, 18, 34, 17, 69, 48, 21, 9, 33, 0] 
Rep. quant.: [12.8, 16.8, 0.4, 10.0, 10.8, 20.0, 0.8, 15.6, 10.0] 
2 
4 
Customers: [0, 77, 10, 2, 51, 24, 29, 42, 74, 14, 50, 47, 58, 0] 
Rep. quant.: [10.8, 19.2, 0.4, 6.0, 7.2, 6.4, 10.4, 1.2, 4.4, 4.0, 8.4, 20.0], 
2 
5 
Customers: [0, 79, 56, 62, 20, 59, 15, 64, 8, 70, 0] 
Rep. quant.: [10.8, 14.0, 4.0, 0.4, 9.2, 4.8, 16.4, 4.8, 3.6] 
2 
6 
Customers: [0, 13, 63, 37, 16, 26, 52, 25, 36, 67, 1, 38, 55, 0] 
Rep. quant.: [0.8, 12.4, 13.6, 16.8, 17.2, 0.8, 4.4, 1.6, 2.0, 9.6, 14.4, 0.8] 
2 
7 
Customers: [0, 43, 53, 28, 35, 32, 68, 7, 12, 27, 46, 44, 57, 73, 3, 66, 49, 61, 71, 0] 
Rep. quant.: [9.8, 6.0, 5.0, 1.8, 1.2, 7.4, 7.2, 6.0, 5.4, 3.0, 7.4, 0.4, 2.8, 8.0, 10.0, 8.8, 2.2, 
6.4] 
1 
8 
Customers: [0, 75, 78, 0] 
Rep. quant.: [72.0, 27.2] 
8 
Table 11: Results of the instance 3 of the scenario L-Y-L-L-S for the Nested routes 1 model 
As we can see in the results of Table 11, the customer that is nested is the number 6 
(noticeable in bold font) in the route 1 and 2. The cycle time of route 1 is two days, and of the 
route 2 is one day. Finally, the replenishment quantities of customer 6 of the 1st route are 19.6, 
and the 2nd route is 0.2. If we compute (19.6 units · 1 day + 0.2 units · 2 days) / 2 days = 10 units 
that corresponds to the demand rate of the customer 6. Also, the total cost of this instance is 
1663.36 €. 
 
Figure 30: Routes of instance 3 of L-Y-L-L-S for the Nested routes 1 model 
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In Figure 30, we can observe the solution obtained from the routes of the nested routes 1 
model for the instance 3 of the scenario L-Y-L-L-S (number 14 of Table 10). As already 
commented, the routes 1 and 2 have the customer 6 in both routes. 
In addition, the full results of the Nested routes 1 model of the 320 instances can be found in 
Annex C. 
5.7 Nested routes 2 
In Table 12, the average results of Nested routes 2 model are shown for the 32 possible 
options. In this case, there aren’t any better solutions found on average because the next model 
is an improvement of the Nested routes 1 and 2 models. However, some enhancements have 
been done in respect to the previous model (17.2% improvement on average). Compared to the 
Jointly Visited model there has been an improvement of a 17.7%. 
Data Nested routes 2 
num vcap ccap hc nr area Total cost N routes Nested customers 
1 L N H L L 3.150,73 € 19,2 2,7 
2 L N H L S 2.562,93 € 10 2,3 
3 L N H S L 1.421,16 € 10,5 1,4 
4 L N H S S 1.242,57 € 6,4 1,1 
5 L N L L L 1.588,95 € 104,9 0 
6 L N L L S 1.069,66 € 97 0 
7 L N L S L 703,08 € 43,8 0 
8 L N L S S 523,41 € 47,6 0 
9 L Y H L L 3.747,71 € 19 2,3 
10 L Y H L S 2.593,67 € 10 2 
11 L Y H S L 1.806,48 € 10,5 1,2 
12 L Y H S S 1.288,67 € 6,5 1,1 
13 L Y L L L 3.286,63 € 20 2 
14 L Y L L S 2.263,87 € 11,3 3,2 
15 L Y L S L 1.555,10 € 10,9 1,4 
16 L Y L S S 1.115,68 € 6,8 1 
17 S N H L L 3.996,43 € 67,3 1,6 
18 S N H L S 3.069,15 € 28,7 2,2 
19 S N H S L 1.763,23 € 39,2 0,8 
20 S N H S S 1.512,43 € 19,9 1,5 
21 S N L L L 2.285,79 € 104,8 0 
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22 S N L L S 1.426,17 € 97 0 
23 S N L S L 1.023,73 € 44,2 0 
24 S N L S S 698,60 € 47,7 0 
25 S Y H L L 4.781,30 € 24,3 3,6 
26 S Y H L S 3.151,09 € 13,4 0,8 
27 S Y H S L 2.226,73 € 13,3 2,7 
28 S Y H S S 1.682,07 € 8,6 0,9 
29 S Y L L L 4.446,08 € 23,9 3,6 
30 S Y L L S 2.910,65 € 17,2 0,5 
31 S Y L S L 2.017,06 € 14,3 3,3 
32 S Y L S S 1.522,90 € 9,6 1,7 
Table 12: Average results of Nested routes 2 model 
Nested 
customers 
0 1 2 3 4 5 6 7 8 9 
% 43% 23% 12% 8% 6% 3% 3% 1% 0% 0% 
Table 13: Number of nested customers for the best solution of the Nested routes 2 model 
In Table 13, the number of nested customers for the best solution of the Nested routes 2 
model are shown. As we can see, there are a 43% of the 320 instances that this model returns 
the Mixed Routes model because an error occurs while running the program. Then, we have 
solutions from 1 nested customer to 7 nested customers, and for 8 and 9 nested customers, no 
further improvements are achieved. 
Route 
number 
Customers and replenishment quantities 
Cycle 
time 
1 
Customers: [0, 25, 11, 32, 0] 
Rep. quant.: [20.0, 29.6, 30.4] 
4 
2 
Customers: [0, 4, 2, 1, 14, 29, 25, 16, 0] 
Rep. quant.: [8.4, 2.0, 18.0, 2.4, 17.2, 10.0, 12.4] 
2 
3 
Customers: [0, 7, 10, 17, 21, 3, 15, 5, 6, 22, 0] 
Rep. quant.: [12.8, 1.6, 17.2, 13.6, 4.0, 10.4, 16.8, 14.8, 8.8] 
2 
4 
Customers: [0, 6, 0] 
Rep. quant.: [64.4] 
36 
5 
Customers: [0, 18, 12, 19, 27, 0] 
Rep. quant.: [0.8, 4.4, 15.6, 10.4] 
2 
6 
Customers: [0, 31, 30, 20, 26, 0] 
Rep. quant.: [1.2, 14.4, 23.4, 10.2] 
3 
7 
Customers: [0, 8, 23, 13, 28, 0] 
Rep. quant.: [6.0, 8.0, 11.6, 4.0] 
2 
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8 
Customers: [0, 24, 9, 33, 0] 
Rep. quant.: [8.4, 52.8, 3.6] 
6 
Table 14: Results of the instance 1 of the scenario L-Y-L-S-L for the Nested routes 2 model 
As we can see in the results of Table 14, there are 2 nested customers. The first one is on 
routes number 1 and 2 and is the customer 25 (noticeable in bold font). The cycle time of route 1 
is four days, and of the route 2 is two days. Finally, the replenishment quantities of customer 25 
of the 1st route are 20, and the 2nd route is 10. If we compute (20 units · 2 days + 10 units · 4 days) 
/ 8 days = 10 units that correspond to the demand rate of the customer 25. The second nested 
customer is the number 6 that is included in routes 3 and 4. The cycle time of route 3 is two days, 
and of the route 4 is thirty-six days. Finally, the replenishment quantities of customer 25 of the 3rd 
route are 14.8, and the 4th route is 64.4. If we compute (14.8 units · 36 days + 64.4 units · 2 days) 
/ 72 days = 9.2 units that correspond to the demand rate of the customer 25. Also, the total cost 
of this instance is 1143.47€. 
Route 
number 
Customers and replenishment quantities 
Cycle 
time 
1 
Customers: [0, 71, 54, 87, 6, 49, 23, 104, 52, 42, 26, 12, 106, 7, 30, 61, 100, 56, 0] 
Rep. quant.: [2.2, 9.8, 5.6, 5.2, 6.2, 9.0, 5.2, 9.2, 1.2, 3.0, 9.0, 8.8, 9.0, 7.8, 2.0, 4.2, 2.6] 
1 
2 
Customers: [0, 77, 98, 53, 83, 40, 90, 64, 103, 12, 0] 
Rep. quant.: [2.8, 8.0, 18.0, 20.0, 8.0, 13.2, 3.2, 1.2, 2.0] 
2 
3 
Customers: [0, 36, 28, 22, 78, 27, 108, 58, 85, 74, 50, 79, 91, 47, 0] 
Rep. quant.: [1.6, 0.4, 9.2, 9.6, 2.2, 2.8, 2.0, 1.8, 5.8, 8.6, 5.4, 9.6, 8.6] 
1 
4 
Customers: [0, 35, 21, 43, 37, 85, 107, 24, 63, 39, 76, 0] 
Rep. quant.: [4.0, 3.2, 17.2, 11.2, 16.4, 7.6, 4.8, 3.2, 17.2, 15.2] 
2 
5 
Customers: [0, 101, 9, 19, 73, 97, 14, 31, 25, 45, 8, 38, 48, 5, 89, 69, 0] 
Rep. quant.: [4.8, 5.6, 1.6, 1.6, 4.6, 1.2, 5.4, 0.2, 4.0, 3.2, 5.8, 8.4, 2.8, 2.4, 1.4] 
1 
6 
Customers: [0, 105, 15, 75, 13, 2, 84, 67, 17, 41, 19, 0] 
Rep. quant.: [0.8, 7.2, 6.4, 9.2, 18.4, 10.4, 9.6, 5.6, 16.0, 16.4] 
2 
7 
Customers: [0, 66, 55, 94, 33, 68, 59, 20, 18, 3, 70, 82, 92, 0] 
Rep. quant.: [15.6, 15.2, 7.2, 0.4, 8.4, 4.8, 4.4, 3.2, 8.8, 11.6, 2.4, 18.0] 
2 
8 
Customers: [0, 46, 34, 32, 86, 4, 20, 95, 44, 0] 
Rep. quant.: [9.2, 7.6, 16.4, 5.6, 6.0, 13.6, 16.0, 10.8] 
2 
9 
Customers: [0, 99, 10, 72, 57, 81, 60, 93, 65, 11, 0] 
Rep. quant.: [14.4, 12.4, 5.6, 8.8, 0.8, 10.8, 2.0, 2.4, 16.8] 
2 
10 
Customers: [0, 80, 51, 96, 88, 57, 0] 
Rep. quant.: [14.0, 16.0, 16.0, 10.8, 8.8] 
2 
11 
Customers: [0, 29, 1, 62, 16, 102, 0] 
Rep. quant.: [8.8, 24.8, 24.8, 20.0, 21.6] 
4 
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12 
Customers: [0, 62, 0] 
Rep. quant.: [43.0] 
18 
Table 15: Results of the instance 7 of the scenario L-Y-L-L-S for the Nested routes 2 model 
As we can notice in the results of Table 15, there are six nested customers (numbers 12, 85, 
19, 20, 57 and 62). Like previously, all the demand rates of these customers are correctly 
computed. Also, the total cost of this instance is 2528.04€. 
 
Figure 31: Routes of instance 9 of L-N-H-L-S for the Nested routes 2 model 
In Figure 31, we can observe the solution obtained from the routes of the Nested routes 2 
model for the instance 9 of the scenario L-N-H-L-S (number 2 of Table 12). As we can see, three 
customers are nested, the 52 on routes number 1 and 2, the customer 5 on routes 3 and 4 and 
finally the customer 36 on routes 5 and 6. In this case, an improvement of a 5.1% is achieved 
compared to the Jointly Visited model that corresponds to a reduction of 126.57€ each day 
(46200€ each year) and almost 54000€ every year compared to the Nested Routes 1 model. 
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Figure 32: Routes of instance 8 of S-Y-L-S-L for the Nested routes 2 model 
In Figure 32, we can observe the solution obtained from the routes of the Nested routes 2 
model for the instance 8 of the scenario S-Y-L-S-L (number 31 of Table 12). As we can see, in 
almost every route there is a nested customer. In this case, an improvement of a 3.3% is achieved 
compared to the Jointly Visited model that corresponds to a reduction of 66.21€ each day (24100€ 
each year) and almost 22800€ every year compared to the Nested Routes 1 model. 
In addition, the full results of the Nested routes 2 model of the 320 instances can be found in 
Annex C. 
5.8 Improvement of nested routes 
In Table 16, the average results of the improvements of nested routes are shown for the 32 
possible options. In this case, 15 of the 32 possible options (46.9%) give the best solution 
compared to the other models, and for the 320 instances, it gives the best solution to a 40.6% of 
them. Compared to the Nested routes 1 model, an improvement of the 17.5% is achieved and 
compared to the Nested routes 2 model a 0.3%. Finally, if we compare these results with the 
Jointly Visited model an improvement of an 18.1% is reached. 
Data 
Nested routes 
improvement 
num vcap ccap hc nr area Total cost N routes 
1 L N H L L 3.122,62 € 19,1 
2 L N H L S 2.558,74 € 10 
3 L N H S L 1.409,42 € 10,5 
4 L N H S S 1.239,27 € 6,4 
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 52 
5 L N L L L 1.588,95 € 104,9 
6 L N L L S 1.069,66 € 97 
7 L N L S L 703,08 € 43,8 
8 L N L S S 523,41 € 47,6 
9 L Y H L L 3.730,52 € 19 
10 L Y H L S 2.589,69 € 10,1 
11 L Y H S L 1.792,39 € 10,5 
12 L Y H S S 1.285,71 € 6,5 
13 L Y L L L 3.271,96 € 19,9 
14 L Y L L S 2.258,14 € 11,4 
15 L Y L S L 1.539,60 € 10,9 
16 L Y L S S 1.111,43 € 6,8 
17 S N H L L 3.992,66 € 67,3 
18 S N H L S 3.062,31 € 28,7 
19 S N H S L 1.762,49 € 39,2 
20 S N H S S 1.510,30 € 19,9 
21 S N L L L 2.285,79 € 104,8 
22 S N L L S 1.426,17 € 97 
23 S N L S L 1.023,73 € 44,2 
24 S N L S S 698,60 € 47,7 
25 S Y H L L 4.754,97 € 24,3 
26 S Y H L S 3.147,67 € 13,4 
27 S Y H S L 2.197,76 € 13,1 
28 S Y H S S 1.671,07 € 8,5 
29 S Y L L L 4.418,99 € 23,9 
30 S Y L L S 2.906,47 € 16,5 
31 S Y L S L 1.994,76 € 14,1 
32 S Y L S S 1.519,62 € 9,6 
Table 16: Average results of the improvements of the nested routes 
Route 
number 
Customers and replenishment quantities 
Cycle 
time 
1 
Customers: [0, 25, 11, 32, 0] 
Rep. quant.: [20.0, 29.6, 30.4] 
4 
2 
Customers: [0, 4, 2, 14, 1, 29, 25, 16, 0] 
Rep. quant.: [8.4, 2.0, 2.4, 18.0, 17.2, 10.0, 12.4] 
2 
 53 
3 
Customers: [0, 7, 10, 17, 21, 3, 15, 5, 6, 22, 0] 
Rep. quant.: [12.8, 1.6, 17.2, 13.6, 4.0, 10.4, 16.8, 14.8, 8.8] 
2 
4 
Customers: [0, 6, 0] 
Rep. quant.: [64.4] 
36 
5 
Customers: [0, 18, 12, 19, 27, 0] 
Rep. quant.: [0.8, 4.4, 15.6, 10.4] 
2 
6 
Customers: [0, 31, 30, 20, 26, 0] 
Rep. quant.: [1.2, 14.4, 23.4, 10.2] 
3 
7 
Customers: [0, 23, 8, 13, 28, 0] 
Rep. quant.: [8.0, 6.0, 11.6, 4.0] 
2 
8 
Customers: [0, 24, 9, 33, 0] 
Rep. quant.: [8.4, 52.8, 3.6] 
6 
Table 17: Results of the instance 1 of the scenario L-Y-L-S-L for the Improvements of nested routes 
As we can see in the results of Table 17, there has been an improvement on routes 2 and 7. 
This local search optimisation has improved the result in a 0.5% that represents a reduction of 
11.70€ every day (more than 4200€ each year). 
Route 
number 
Customers and replenishment quantities 
Cycle 
time 
1 
Customers: [0, 54, 71, 87, 6, 49, 23, 104, 52, 42, 26, 12, 106, 7, 30, 61, 100, 56, 0] 
Rep. quant.: [9.8, 2.2, 5.6, 5.2, 6.2, 9.0, 5.2, 9.2, 1.2, 3.0, 9.0, 8.8, 9.0, 7.8, 2.0, 4.2, 2.6] 
1 
2 
Customers: [0, 77, 98, 53, 83, 40, 90, 64, 103, 12, 0] 
Rep. quant.: [2.8, 8.0, 18.0, 20.0, 8.0, 13.2, 3.2, 1.2, 2.0] 
2 
3 
Customers: [0, 36, 28, 22, 78, 27, 108, 58, 85, 74, 50, 79, 47, 91, 0] 
Rep. quant.: [1.6, 0.4, 9.2, 9.6, 2.2, 2.8, 2.0, 1.8, 5.8, 8.6, 5.4, 8.6, 9.6] 
1 
4 
Customers: [0, 35, 21, 43, 37, 85, 107, 24, 63, 39, 76, 0] 
Rep. quant.: [4.0, 3.2, 17.2, 11.2, 16.4, 7.6, 4.8, 3.2, 17.2, 15.2] 
2 
5 
Customers: [0, 101, 9, 19, 73, 97, 14, 31, 25, 45, 8, 38, 48, 5, 89, 69, 0] 
Rep. quant.: [4.8, 5.6, 1.6, 1.6, 4.6, 1.2, 5.4, 0.2, 4.0, 3.2, 5.8, 8.4, 2.8, 2.4, 1.4] 
1 
6 
Customers: [0, 105, 15, 75, 13, 2, 84, 67, 17, 41, 19, 0] 
Rep. quant.: [0.8, 7.2, 6.4, 9.2, 18.4, 10.4, 9.6, 5.6, 16.0, 16.4] 
2 
7 
Customers: [0, 66, 55, 94, 33, 68, 59, 20, 18, 3, 70, 82, 92, 0] 
Rep. quant.: [15.6, 15.2, 7.2, 0.4, 8.4, 4.8, 4.4, 3.2, 8.8, 11.6, 2.4, 18.0] 
2 
8 
Customers: [0, 46, 34, 32, 86, 4, 20, 95, 44, 0] 
Rep. quant.: [9.2, 7.6, 16.4, 5.6, 6.0, 13.6, 16.0, 10.8] 
2 
9 
Customers: [0, 99, 10, 72, 81, 57, 60, 93, 65, 11, 0] 
Rep. quant.: [14.4, 12.4, 5.6, 0.8, 8.8, 10.8, 2.0, 2.4, 16.8] 
2 
 54 
10 
Customers: [0, 80, 51, 96, 88, 57, 0] 
Rep. quant.: [14.0, 16.0, 16.0, 10.8, 8.8] 
2 
11 
Customers: [0, 29, 1, 62, 16, 102, 0] 
Rep. quant.: [8.8, 24.8, 24.8, 20.0, 21.6] 
4 
12 
Customers: [0, 62, 0] 
Rep. quant.: [43.0] 
18 
Table 18: Results of the instance 7 of the scenario L-Y-L-L-S for the Improvements of nested routes 
As we can see in the results of Table 17, there has been an improvement on routes 1, 3 and 
10. These slight improvements have enhanced the result in a 1.9% that represents a reduction of 
21.49€ every day (more than 7800€ each year). 
 
Figure 33: vcap comparison between Separate routes model and the Improvement of nested routes 
 
Figure 34: ccap comparison between Separate routes model and the Improvement of nested routes 
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Figure 35: hc comparison between Separate routes model and the Improvement of nested routes 
 
Figure 36: nr comparison between Separate routes model and the Improvement of nested routes 
 
Figure 37: vcap comparison between Separate routes model and the Improvement of nested routes 
 
 56 
Now we are going to compare the best two models of all developed. As we can see in the 
Figures 33 to 37 when the vehicle capacity is set to Large, the best model is the improvement of 
nested routes for every instance, but when the vehicle capacity is set to Small, and it does not 
exist restriction on the customer capacity and the holding costs are Low, the total cost is similar 
in both models. If the vehicle capacity is Small and it does not exist a constraint on the customer 
capacity, but the holding costs are High, the Separate routes model is better than using nested 
routes. For the other scenarios designing nested routes gives the best solution. 
 
Figure 38: Routes of instance 9 of L-N-H-L-S for the Improvement of nested routes 
In Figure 38, we can observe the solution obtained from the routes of the improvement of the 
nested routes for the instance 9 of the scenario L-N-H-L-S (number 2 of Table 16). As explained 
in section 4.5, this model is a local search heuristic. As we can see, two routes have been 
improved, the routes number 6 (with two exchanges) and 8 (with one exchange). In this case, an 
improvement of a 0.4% is achieved compared to the Nested routes 2 model, a 5.3% compared 
to the Improvement of initial solutions and an improvement of a 5.5% is achieved compared to 
the Jointly Visited model that corresponds to a reduction of 135.35€ each day (almost 50000€ 
each year). 
5.9 Best total cost 
Data Best total 
cost 
% 
Improvement num vcap ccap hc nr area 
1 L N H L L 3.120,24 € 3,9% 
2 L N H L S 2.552,28 € 4,7% 
3 L N H S L 1.408,10 € 3,1% 
4 L N H S S 1.239,27 € 7,0% 
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5 L N L L L 1.574,64 € 41,2% 
6 L N L L S 1.049,15 € 56,9% 
7 L N L S L 698,72 € 38,2% 
8 L N L S S 514,13 € 55,7% 
9 L Y H L L 3.718,63 € 2,9% 
10 L Y H L S 2.576,58 € 4,4% 
11 L Y H S L 1.791,05 € 3,3% 
12 L Y H S S 1.285,71 € 6,9% 
13 L Y L L L 3.256,61 € 4,2% 
14 L Y L L S 2.247,14 € 8,3% 
15 L Y L S L 1.539,50 € 5,7% 
16 L Y L S S 1.111,43 € 9,6% 
17 S N H L L 3.859,35 € 22,9% 
18 S N H L S 2.804,39 € 11,4% 
19 S N H S L 1.697,48 € 26,6% 
20 S N H S S 1.378,08 € 20,6% 
21 S N L L L 2.285,12 € 51,7% 
22 S N L L S 1.424,78 € 52,2% 
23 S N L S L 1.022,43 € 52,8% 
24 S N L S S 697,97 € 57,3% 
25 S Y H L L 4.745,06 € 7,1% 
26 S Y H L S 3.133,68 € 1,0% 
27 S Y H S L 2.197,76 € 9,7% 
28 S Y H S S 1.652,17 € 4,7% 
29 S Y L L L 4.240,56 € 12,6% 
30 S Y L L S 2.688,01 € 9,9% 
31 S Y L S L 1.910,55 € 17,1% 
32 S Y L S S 1.309,19 € 20,0% 
Table 19: Average best total cost of all models 
In the previous Table, we can see the best total cost, on average, of the 32 possible options 
of all the models. If we compare this total cost with the first model used, on average, an 
improvement of a 19.9% has been achieved compared to the Jointly Visited model and the most 
significant difference has been a 64.2% in the instance 7of the scenario S-N-L-S-S. In addition, 
the full results of the best total cost for the 320 instances can be found in Annex E. 
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CHAPTER V 
6. Conclusions 
6.1 Final conclusions 
In this dissertation, different heuristic models and local search heuristics (customer 
exchanges inside a route) have been proposed in chapter three considering the so-called “nested 
routes”. Permitting some customers to be visited on more than one route allowes balancing 
distribution and inventory holding costs, while at the same time can reduce vehicle utilisation.  
Analysing the results, I realised that only two of the models developed give better solutions 
than the others. These two models are the Separate routes and the Nested routes 2 and, of 
course, the corresponding local search heuristic. Almost a 20% improvement have been achieved 
by comparing the first model used (Jointly Visited) and the best total cost of all the models 
developed. 
After obtaining the results, we can conclude that not necessarily having more nested routes 
reduces the total cost or, perhaps, the factor chosed for nesting (the higher demand rate) is not 
the most suitable one together with the model. However, introducing nestedness turns out to 
especially offer the possibility of significantly reducing inventory costs, so the benefits are most 
substantial for instances where holding costs are relatively high. 
The most important part of the nested routes heuristics was inserting a customer into a route, 
which is more complicated when nested routes appear. Introducing a customer into a route 
involves finding the best position in the route (to minimise routing costs), followed by the 
computation of the route's cycle time, the replenishment quantities and the cost rate (to balance 
routing and inventory costs). 
Concluding, this dissertation showed the potential of nested routes at a small scale. The 
results obtained are very encouraging for further work on extending heuristics to deal with them. 
In the next section, some ideas for future research are explained. 
6.2 Further research 
In this thesis, the customer with the higher demand rate was the one chosen to be nested, as 
future work, it could be studied which is the best method for choosing the nested customers. 
Besides, new heuristics could be investigated for having more than one nested customer in 
the same route because, in this thesis, when two routes are nested, they are considered 
untouchable, and any customer can be inserted. 
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In this master thesis, the fixed costs have not been taken into account so, new heuristics for 
fleet design should be proposed with nested routes to find feasible models with good results 
considering fixed costs. 
Greenhouse gases emission is a major unease globally in recent years. Some countries have 
signed the Kyoto Protocol and installed some regulations to reduce the CO2 emissions. 
Optimising inventory and routing decisions can benefit in the reduction of CO2 emissions. A 
possible investigation could be how the CO2 emissions affect when inserting nested routes and 
develop new models to reduce them. 
Finally, and probably the most complex study could be developing nested routes when having 
stochastic demand, so safety stock should be considered.  
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8. Annexes 
 
Annexe A: Full results Clarke & Wright and Separate Routes model 
Data Clarke & Wright Separate routes 
File vcap ccap hc nr area num Total cost N routes Total cost N routes 
0 L N H L L 0 6.315,86 € 16 3.019,54 € 86 
1 L N H L L 1 7.829,90 € 20 4.687,92 € 120 
2 L N H L L 2 7.235,24 € 18 4.511,26 € 116 
3 L N H L L 3 5.634,66 € 15 2.959,33 € 84 
4 L N H L L 4 6.565,67 € 17 3.660,90 € 94 
5 L N H L L 5 8.887,43 € 22 4.450,18 € 118 
6 L N H L L 6 7.630,14 € 19 4.362,26 € 116 
7 L N H L L 7 6.974,01 € 18 4.115,90 € 108 
8 L N H L L 8 7.442,80 € 19 4.142,70 € 112 
9 L N H L L 9 9.452,34 € 22 4.194,22 € 103 
10 L N H L S 0 3.110,37 € 9 2.712,10 € 83 
11 L N H L S 1 3.641,66 € 11 3.420,76 € 110 
12 L N H L S 2 3.383,40 € 10 3.489,05 € 117 
13 L N H L S 3 2.509,17 € 7 2.248,02 € 81 
14 L N H L S 4 3.367,09 € 10 2.952,96 € 93 
15 L N H L S 5 3.440,06 € 10 3.319,12 € 119 
16 L N H L S 6 3.073,56 € 9 2.894,60 € 98 
17 L N H L S 7 3.543,27 € 10 3.402,42 € 108 
18 L N H L S 8 2.927,30 € 8 2.735,16 € 85 
19 L N H L S 9 2.811,18 € 8 2.534,84 € 86 
20 L N H S L 0 5.511,44 € 13 2.146,95 € 57 
21 L N H S L 1 2.865,65 € 8 1.180,68 € 33 
22 L N H S L 2 5.328,67 € 13 2.358,36 € 62 
23 L N H S L 3 4.037,79 € 9 1.529,65 € 38 
24 L N H S L 4 4.129,01 € 10 1.988,42 € 47 
25 L N H S L 5 4.546,93 € 11 2.181,26 € 51 
26 L N H S L 6 3.576,02 € 10 1.543,33 € 39 
27 L N H S L 7 2.768,41 € 7 1.151,17 € 31 
28 L N H S L 8 3.762,88 € 10 1.642,46 € 43 
29 L N H S L 9 3.974,66 € 10 1.875,50 € 47 
30 L N H S S 0 1.477,40 € 5 983,57 € 31 
31 L N H S S 1 1.822,73 € 6 1.450,65 € 51 
32 L N H S S 2 1.891,50 € 7 1.224,08 € 43 
33 L N H S S 3 2.145,21 € 6 1.671,72 € 52 
34 L N H S S 4 1.765,24 € 5 1.309,87 € 45 
35 L N H S S 5 2.502,12 € 8 2.169,59 € 67 
36 L N H S S 6 2.179,21 € 6 1.658,92 € 62 
37 L N H S S 7 1.331,42 € 4 871,79 € 30 
38 L N H S S 8 1.643,65 € 5 1.450,16 € 50 
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39 L N H S S 9 2.709,86 € 8 1.804,77 € 55 
40 L N L L L 0 6.315,86 € 16 1.134,50 € 86 
41 L N L L L 1 7.829,90 € 20 1.869,57 € 120 
42 L N L L L 2 7.235,24 € 18 1.767,31 € 116 
43 L N L L L 3 5.634,66 € 15 1.140,28 € 84 
44 L N L L L 4 6.565,67 € 17 1.445,74 € 94 
45 L N L L L 5 8.887,43 € 22 1.766,51 € 118 
46 L N L L L 6 7.630,14 € 19 1.697,83 € 116 
47 L N L L L 7 6.974,01 € 18 1.613,95 € 108 
48 L N L L L 8 7.442,80 € 19 1.594,75 € 112 
49 L N L L L 9 9.452,34 € 22 1.715,99 € 103 
50 L N L L S 0 3.110,37 € 9 976,96 € 83 
51 L N L L S 1 3.641,66 € 11 1.199,27 € 110 
52 L N L L S 2 3.383,40 € 10 1.217,53 € 117 
53 L N L L S 3 2.509,17 € 7 778,13 € 81 
54 L N L L S 4 3.367,09 € 10 1.059,52 € 93 
55 L N L L S 5 3.440,06 € 10 1.142,66 € 119 
56 L N L L S 6 3.073,56 € 9 1.020,84 € 98 
57 L N L L S 7 3.543,27 € 10 1.212,82 € 108 
58 L N L L S 8 2.927,30 € 8 982,60 € 85 
59 L N L L S 9 2.811,18 € 8 901,15 € 86 
60 L N L S L 0 5.511,44 € 13 840,70 € 57 
61 L N L S L 1 2.865,65 € 8 479,44 € 33 
62 L N L S L 2 5.328,67 € 13 954,62 € 62 
63 L N L S L 3 4.037,79 € 9 596,53 € 38 
64 L N L S L 4 4.129,01 € 10 827,26 € 47 
65 L N L S L 5 4.546,93 € 11 875,64 € 51 
66 L N L S L 6 3.576,02 € 10 597,62 € 39 
67 L N L S L 7 2.768,41 € 7 443,34 € 31 
68 L N L S L 8 3.762,88 € 10 643,36 € 43 
69 L N L S L 9 3.974,66 € 10 729,51 € 47 
70 L N L S S 0 1.477,40 € 5 343,32 € 31 
71 L N L S S 1 1.822,73 € 6 502,56 € 51 
72 L N L S S 2 1.891,50 € 7 436,99 € 43 
73 L N L S S 3 2.145,21 € 6 600,60 € 52 
74 L N L S S 4 1.765,24 € 5 457,82 € 45 
75 L N L S S 5 2.502,12 € 8 776,67 € 67 
76 L N L S S 6 2.179,21 € 6 570,26 € 62 
77 L N L S S 7 1.331,42 € 4 310,56 € 30 
78 L N L S S 8 1.643,65 € 5 500,30 € 50 
79 L N L S S 9 2.709,86 € 8 642,26 € 55 
80 L Y H L L 0 6.315,86 € 16 5.102,34 € 86 
81 L Y H L L 1 7.829,90 € 20 6.933,42 € 120 
82 L Y H L L 2 7.235,24 € 18 6.992,21 € 116 
83 L Y H L L 3 5.634,66 € 15 4.661,16 € 84 
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84 L Y H L L 4 6.565,67 € 17 5.937,93 € 94 
85 L Y H L L 5 8.887,43 € 22 7.239,66 € 118 
86 L Y H L L 6 7.630,14 € 19 6.451,51 € 116 
87 L Y H L L 7 6.974,01 € 18 6.501,16 € 108 
88 L Y H L L 8 7.442,80 € 19 6.766,81 € 112 
89 L Y H L L 9 9.452,34 € 22 6.031,58 € 103 
90 L Y H L S 0 3.110,37 € 9 3.687,53 € 83 
91 L Y H L S 1 3.641,66 € 11 4.967,38 € 110 
92 L Y H L S 2 3.383,40 € 10 4.304,75 € 117 
93 L Y H L S 3 2.509,17 € 7 2.893,75 € 81 
94 L Y H L S 4 3.367,09 € 10 4.007,22 € 93 
95 L Y H L S 5 3.440,06 € 10 4.554,67 € 119 
96 L Y H L S 6 3.073,56 € 9 4.117,39 € 98 
97 L Y H L S 7 3.543,27 € 10 5.058,57 € 108 
98 L Y H L S 8 2.927,30 € 8 3.886,55 € 85 
99 L Y H L S 9 2.811,18 € 8 3.541,79 € 86 
100 L Y H S L 0 5.511,44 € 13 3.281,51 € 57 
101 L Y H S L 1 2.865,65 € 8 1.846,53 € 33 
102 L Y H S L 2 5.328,67 € 13 3.636,34 € 62 
103 L Y H S L 3 4.037,79 € 9 2.602,00 € 38 
104 L Y H S L 4 4.129,01 € 10 3.108,86 € 47 
105 L Y H S L 5 4.546,93 € 11 3.111,27 € 51 
106 L Y H S L 6 3.576,02 € 10 2.069,62 € 39 
107 L Y H S L 7 2.768,41 € 7 1.631,81 € 31 
108 L Y H S L 8 3.762,88 € 10 2.806,46 € 43 
109 L Y H S L 9 3.974,66 € 10 3.079,51 € 47 
110 L Y H S S 0 1.477,40 € 5 1.398,48 € 31 
111 L Y H S S 1 1.822,73 € 6 1.907,10 € 51 
112 L Y H S S 2 1.891,50 € 7 1.592,75 € 43 
113 L Y H S S 3 2.145,21 € 6 2.282,20 € 52 
114 L Y H S S 4 1.765,24 € 5 1.636,15 € 45 
115 L Y H S S 5 2.502,12 € 8 2.916,04 € 67 
116 L Y H S S 6 2.179,21 € 6 2.390,64 € 62 
117 L Y H S S 7 1.331,42 € 4 1.118,06 € 30 
118 L Y H S S 8 1.643,65 € 5 1.926,28 € 50 
119 L Y H S S 9 2.709,86 € 8 2.577,54 € 55 
120 L Y L L L 0 6.315,86 € 16 4.317,68 € 86 
121 L Y L L L 1 7.829,90 € 20 5.553,76 € 120 
122 L Y L L L 2 7.235,24 € 18 5.629,16 € 116 
123 L Y L L L 3 5.634,66 € 15 3.814,69 € 84 
124 L Y L L L 4 6.565,67 € 17 4.994,85 € 94 
125 L Y L L L 5 8.887,43 € 22 6.008,48 € 118 
126 L Y L L L 6 7.630,14 € 19 5.222,16 € 116 
127 L Y L L L 7 6.974,01 € 18 5.350,13 € 108 
128 L Y L L L 8 7.442,80 € 19 5.693,09 € 112 
 65 
129 L Y L L L 9 9.452,34 € 22 4.756,95 € 103 
130 L Y L L S 0 3.110,37 € 9 2.775,61 € 83 
131 L Y L L S 1 3.641,66 € 11 3.928,32 € 110 
132 L Y L L S 2 3.383,40 € 10 2.984,58 € 117 
133 L Y L L S 3 2.509,17 € 7 2.024,41 € 81 
134 L Y L L S 4 3.367,09 € 10 3.037,50 € 93 
135 L Y L L S 5 3.440,06 € 10 3.381,41 € 119 
136 L Y L L S 6 3.073,56 € 9 3.186,28 € 98 
137 L Y L L S 7 3.543,27 € 10 4.050,64 € 108 
138 L Y L L S 8 2.927,30 € 8 2.994,18 € 85 
139 L Y L L S 9 2.811,18 € 8 2.737,35 € 86 
140 L Y L S L 0 5.511,44 € 13 2.719,20 € 57 
141 L Y L S L 1 2.865,65 € 8 1.492,40 € 33 
142 L Y L S L 2 5.328,67 € 13 3.013,03 € 62 
143 L Y L S L 3 4.037,79 € 9 2.180,69 € 38 
144 L Y L S L 4 4.129,01 € 10 2.607,81 € 47 
145 L Y L S L 5 4.546,93 € 11 2.471,22 € 51 
146 L Y L S L 6 3.576,02 € 10 1.646,40 € 39 
147 L Y L S L 7 2.768,41 € 7 1.320,66 € 31 
148 L Y L S L 8 3.762,88 € 10 2.398,83 € 43 
149 L Y L S L 9 3.974,66 € 10 2.560,27 € 47 
150 L Y L S S 0 1.477,40 € 5 1.078,95 € 31 
151 L Y L S S 1 1.822,73 € 6 1.417,38 € 51 
152 L Y L S S 2 1.891,50 € 7 1.150,03 € 43 
153 L Y L S S 3 2.145,21 € 6 1.737,02 € 52 
154 L Y L S S 4 1.765,24 € 5 1.198,34 € 45 
155 L Y L S S 5 2.502,12 € 8 2.196,36 € 67 
156 L Y L S S 6 2.179,21 € 6 1.870,01 € 62 
157 L Y L S S 7 1.331,42 € 4 831,13 € 30 
158 L Y L S S 8 1.643,65 € 5 1.438,35 € 50 
159 L Y L S S 9 2.709,86 € 8 2.021,34 € 55 
160 S N H L L 0 5.471,30 € 16 2.885,26 € 86 
161 S N H L L 1 6.833,48 € 21 4.545,17 € 120 
162 S N H L L 2 6.389,90 € 20 4.343,56 € 116 
163 S N H L L 3 4.902,46 € 15 2.842,40 € 84 
164 S N H L L 4 5.659,05 € 16 3.527,02 € 94 
165 S N H L L 5 7.688,37 € 22 4.322,25 € 118 
166 S N H L L 6 6.658,90 € 20 4.195,42 € 116 
167 S N H L L 7 6.074,99 € 19 3.975,96 € 108 
168 S N H L L 8 6.455,11 € 20 3.974,20 € 112 
169 S N H L L 9 8.190,99 € 24 4.096,21 € 103 
170 S N H L S 0 2.854,40 € 10 2.559,72 € 83 
171 S N H L S 1 3.427,47 € 14 3.217,39 € 110 
172 S N H L S 2 3.206,57 € 13 3.290,08 € 117 
173 S N H L S 3 2.343,75 € 9 2.122,27 € 81 
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174 S N H L S 4 3.113,79 € 11 2.789,18 € 93 
175 S N H L S 5 3.217,66 € 13 3.137,56 € 119 
176 S N H L S 6 2.959,75 € 12 2.742,20 € 98 
177 S N H L S 7 3.286,37 € 12 3.212,40 € 108 
178 S N H L S 8 2.732,78 € 10 2.579,79 € 85 
179 S N H L S 9 2.624,19 € 10 2.393,28 € 86 
180 S N H S L 0 4.731,20 € 13 2.070,61 € 57 
181 S N H S L 1 2.469,71 € 8 1.161,18 € 33 
182 S N H S L 2 4.587,23 € 13 2.286,89 € 62 
183 S N H S L 3 3.458,16 € 9 1.471,40 € 38 
184 S N H S L 4 3.552,51 € 10 1.970,59 € 47 
185 S N H S L 5 3.900,78 € 11 2.118,18 € 51 
186 S N H S L 6 3.078,35 € 10 1.472,81 € 39 
187 S N H S L 7 2.382,01 € 7 1.100,84 € 31 
188 S N H S L 8 3.240,74 € 10 1.572,96 € 43 
189 S N H S L 9 3.423,88 € 10 1.811,62 € 47 
190 S N H S S 0 1.299,50 € 5 926,62 € 31 
191 S N H S S 1 1.644,31 € 6 1.370,66 € 51 
192 S N H S S 2 1.681,26 € 7 1.165,56 € 43 
193 S N H S S 3 1.944,46 € 7 1.580,66 € 52 
194 S N H S S 4 1.598,72 € 6 1.234,36 € 45 
195 S N H S S 5 2.290,20 € 9 2.052,25 € 67 
196 S N H S S 6 2.003,23 € 7 1.565,76 € 62 
197 S N H S S 7 1.168,44 € 4 821,93 € 30 
198 S N H S S 8 1.521,08 € 7 1.365,34 € 50 
199 S N H S S 9 2.416,45 € 9 1.697,69 € 55 
200 S N L L L 0 5.471,30 € 16 1.610,47 € 86 
201 S N L L L 1 6.833,48 € 21 2.731,67 € 120 
202 S N L L L 2 6.389,90 € 20 2.569,20 € 116 
203 S N L L L 3 4.902,46 € 15 1.625,79 € 84 
204 S N L L L 4 5.659,05 € 16 2.103,31 € 94 
205 S N L L L 5 7.688,37 € 22 2.563,84 € 118 
206 S N L L L 6 6.658,90 € 20 2.446,19 € 116 
207 S N L L L 7 6.074,99 € 19 2.361,40 € 108 
208 S N L L L 8 6.455,11 € 20 2.302,73 € 112 
209 S N L L L 9 8.190,99 € 24 2.537,95 € 103 
210 S N L L S 0 2.854,40 € 10 1.359,08 € 83 
211 S N L L S 1 3.427,47 € 14 1.622,68 € 110 
212 S N L L S 2 3.206,57 € 13 1.647,20 € 117 
213 S N L L S 3 2.343,75 € 9 1.035,48 € 81 
214 S N L L S 4 3.113,79 € 11 1.452,34 € 93 
215 S N L L S 5 3.217,66 € 13 1.505,84 € 119 
216 S N L L S 6 2.959,75 € 12 1.372,77 € 98 
217 S N L L S 7 3.286,37 € 12 1.667,33 € 108 
218 S N L L S 8 2.732,78 € 10 1.365,17 € 85 
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219 S N L L S 9 2.624,19 € 10 1.220,25 € 86 
220 S N L S L 0 4.731,20 € 13 1.209,40 € 57 
221 S N L S L 1 2.469,71 € 8 704,84 € 33 
222 S N L S L 2 4.587,23 € 13 1.405,01 € 62 
223 S N L S L 3 3.458,16 € 9 869,07 € 38 
224 S N L S L 4 3.552,51 € 10 1.237,23 € 47 
225 S N L S L 5 3.900,78 € 11 1.300,11 € 51 
226 S N L S L 6 3.078,35 € 10 866,61 € 39 
227 S N L S L 7 2.382,01 € 7 627,94 € 31 
228 S N L S L 8 3.240,74 € 10 932,08 € 43 
229 S N L S L 9 3.423,88 € 10 1.072,97 € 47 
230 S N L S S 0 1.299,50 € 5 473,66 € 31 
231 S N L S S 1 1.644,31 € 6 667,60 € 51 
232 S N L S S 2 1.681,26 € 7 588,30 € 43 
233 S N L S S 3 1.944,46 € 7 837,32 € 52 
234 S N L S S 4 1.598,72 € 6 618,58 € 45 
235 S N L S S 5 2.290,20 € 9 1.075,45 € 67 
236 S N L S S 6 2.003,23 € 7 740,92 € 62 
237 S N L S S 7 1.168,44 € 4 420,70 € 30 
238 S N L S S 8 1.521,08 € 7 665,90 € 50 
239 S N L S S 9 2.416,45 € 9 891,77 € 55 
240 S Y H L L 0 5.471,30 € 16 4.481,93 € 86 
241 S Y H L L 1 6.833,48 € 21 6.147,52 € 120 
242 S Y H L L 2 6.389,90 € 20 6.204,14 € 116 
243 S Y H L L 3 4.902,46 € 15 4.137,71 € 84 
244 S Y H L L 4 5.659,05 € 16 5.220,24 € 94 
245 S Y H L L 5 7.688,37 € 22 6.381,18 € 118 
246 S Y H L L 6 6.658,90 € 20 5.715,95 € 116 
247 S Y H L L 7 6.074,99 € 19 5.748,49 € 108 
248 S Y H L L 8 6.455,11 € 20 5.960,60 € 112 
249 S Y H L L 9 8.190,99 € 24 5.354,16 € 103 
250 S Y H L S 0 2.854,40 € 10 3.326,43 € 83 
251 S Y H L S 1 3.427,47 € 14 4.453,25 € 110 
252 S Y H L S 2 3.206,57 € 13 3.935,02 € 117 
253 S Y H L S 3 2.343,75 € 9 2.642,07 € 81 
254 S Y H L S 4 3.113,79 € 11 3.615,75 € 93 
255 S Y H L S 5 3.217,66 € 13 4.129,39 € 119 
256 S Y H L S 6 2.959,75 € 12 3.714,20 € 98 
257 S Y H L S 7 3.286,37 € 12 4.525,87 € 108 
258 S Y H L S 8 2.732,78 € 10 3.488,80 € 85 
259 S Y H L S 9 2.624,19 € 10 3.185,51 € 86 
260 S Y H S L 0 4.731,20 € 13 2.899,39 € 57 
261 S Y H S L 1 2.469,71 € 8 1.643,51 € 33 
262 S Y H S L 2 4.587,23 € 13 3.210,84 € 62 
263 S Y H S L 3 3.458,16 € 9 2.287,92 € 38 
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264 S Y H S L 4 3.552,51 € 10 2.741,00 € 47 
265 S Y H S L 5 3.900,78 € 11 2.760,39 € 51 
266 S Y H S L 6 3.078,35 € 10 1.838,97 € 39 
267 S Y H S L 7 2.382,01 € 7 1.447,63 € 31 
268 S Y H S L 8 3.240,74 € 10 2.462,43 € 43 
269 S Y H S L 9 3.423,88 € 10 2.717,82 € 47 
270 S Y H S S 0 1.299,50 € 5 1.256,45 € 31 
271 S Y H S S 1 1.644,31 € 6 1.733,31 € 51 
272 S Y H S S 2 1.681,26 € 7 1.449,81 € 43 
273 S Y H S S 3 1.944,46 € 7 2.051,95 € 52 
274 S Y H S S 4 1.598,72 € 6 1.486,92 € 45 
275 S Y H S S 5 2.290,20 € 9 2.637,47 € 67 
276 S Y H S S 6 2.003,23 € 7 2.156,62 € 62 
277 S Y H S S 7 1.168,44 € 4 1.012,93 € 30 
278 S Y H S S 8 1.521,08 € 7 1.749,12 € 50 
279 S Y H S S 9 2.416,45 € 9 2.308,61 € 55 
280 S Y L L L 0 5.471,30 € 16 3.706,19 € 86 
281 S Y L L L 1 6.833,48 € 21 4.777,84 € 120 
282 S Y L L L 2 6.389,90 € 20 4.853,36 € 116 
283 S Y L L L 3 4.902,46 € 15 3.295,67 € 84 
284 S Y L L L 4 5.659,05 € 16 4.283,04 € 94 
285 S Y L L L 5 7.688,37 € 22 5.157,98 € 118 
286 S Y L L L 6 6.658,90 € 20 4.496,38 € 116 
287 S Y L L L 7 6.074,99 € 19 4.607,43 € 108 
288 S Y L L L 8 6.455,11 € 20 4.896,68 € 112 
289 S Y L L L 9 8.190,99 € 24 4.089,25 € 103 
290 S Y L L S 0 2.854,40 € 10 2.423,21 € 83 
291 S Y L L S 1 3.427,47 € 14 3.425,38 € 110 
292 S Y L L S 2 3.206,57 € 13 2.637,88 € 117 
293 S Y L L S 3 2.343,75 € 9 1.785,91 € 81 
294 S Y L L S 4 3.113,79 € 11 2.653,36 € 93 
295 S Y L L S 5 3.217,66 € 13 2.973,11 € 119 
296 S Y L L S 6 2.959,75 € 12 2.794,50 € 98 
297 S Y L L S 7 3.286,37 € 12 3.529,38 € 108 
298 S Y L L S 8 2.732,78 € 10 2.610,85 € 85 
299 S Y L L S 9 2.624,19 € 10 2.391,92 € 86 
300 S Y L S L 0 4.731,20 € 13 2.339,90 € 57 
301 S Y L S L 1 2.469,71 € 8 1.291,05 € 33 
302 S Y L S L 2 4.587,23 € 13 2.591,24 € 62 
303 S Y L S L 3 3.458,16 € 9 1.870,08 € 38 
304 S Y L S L 4 3.552,51 € 10 2.242,07 € 47 
305 S Y L S L 5 3.900,78 € 11 2.125,94 € 51 
306 S Y L S L 6 3.078,35 € 10 1.418,07 € 39 
307 S Y L S L 7 2.382,01 € 7 1.137,46 € 31 
308 S Y L S L 8 3.240,74 € 10 2.057,30 € 43 
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309 S Y L S L 9 3.423,88 € 10 2.203,51 € 47 
310 S Y L S S 0 1.299,50 € 5 940,15 € 31 
311 S Y L S S 1 1.644,31 € 6 1.248,69 € 51 
312 S Y L S S 2 1.681,26 € 7 1.014,08 € 43 
313 S Y L S S 3 1.944,46 € 7 1.514,44 € 52 
314 S Y L S S 4 1.598,72 € 6 1.053,61 € 45 
315 S Y L S S 5 2.290,20 € 9 1.924,83 € 67 
316 S Y L S S 6 2.003,23 € 7 1.640,60 € 62 
317 S Y L S S 7 1.168,44 € 4 729,65 € 30 
318 S Y L S S 8 1.521,08 € 7 1.267,93 € 50 
319 S Y L S S 9 2.416,45 € 9 1.757,91 € 55 
 
Annexe B: Full results Jointly Visited and Mixed Routes model 
Data Jointly visited Mixed routes 
File vcap ccap hc nr area num Total cost N routes Total cost N routes 
0 L N H L L 0 2.378,04 € 16 2.508,12 € 16 
1 L N H L L 1 3.640,84 € 20 3.733,54 € 20 
2 L N H L L 2 3.682,68 € 18 3.821,83 € 21 
3 L N H L L 3 2.465,29 € 15 2.586,57 € 14 
4 L N H L L 4 2.785,92 € 17 3.107,93 € 18 
5 L N H L L 5 3.602,87 € 22 3.624,24 € 22 
6 L N H L L 6 3.485,90 € 19 3.603,97 € 21 
7 L N H L L 7 3.475,03 € 18 3.408,28 € 18 
8 L N H L L 8 3.207,78 € 19 3.207,78 € 19 
9 L N H L L 9 3.738,78 € 22 3.452,18 € 24 
10 L N H L S 0 2.168,15 € 9 2.168,15 € 9 
11 L N H L S 1 3.064,45 € 11 3.064,45 € 11 
12 L N H L S 2 3.331,46 € 10 3.331,46 € 10 
13 L N H L S 3 2.002,21 € 7 2.002,21 € 7 
14 L N H L S 4 2.544,29 € 10 2.544,29 € 10 
15 L N H L S 5 2.818,82 € 10 2.818,82 € 10 
16 L N H L S 6 2.783,42 € 9 2.783,42 € 9 
17 L N H L S 7 2.942,72 € 10 2.942,72 € 10 
18 L N H L S 8 2.655,89 € 8 2.655,89 € 8 
19 L N H L S 9 2.480,34 € 8 2.480,34 € 8 
20 L N H S L 0 1.794,79 € 13 1.790,66 € 14 
21 L N H S L 1 1.037,29 € 8 1.037,29 € 8 
22 L N H S L 2 1.914,22 € 13 1.904,12 € 14 
23 L N H S L 3 1.408,54 € 9 1.408,54 € 9 
24 L N H S L 4 1.603,34 € 10 1.619,94 € 11 
25 L N H S L 5 1.772,68 € 11 1.881,03 € 13 
26 L N H S L 6 1.209,71 € 10 1.235,78 € 11 
27 L N H S L 7 940,19 € 7 940,19 € 7 
28 L N H S L 8 1.286,75 € 10 1.321,45 € 10 
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29 L N H S L 9 1.560,22 € 10 1.585,30 € 11 
30 L N H S S 0 784,36 € 5 784,36 € 5 
31 L N H S S 1 1.337,16 € 6 1.337,16 € 6 
32 L N H S S 2 1.108,02 € 7 1.108,02 € 7 
33 L N H S S 3 1.456,42 € 6 1.456,42 € 6 
34 L N H S S 4 1.304,57 € 5 1.304,57 € 5 
35 L N H S S 5 1.986,73 € 8 1.986,73 € 8 
36 L N H S S 6 1.686,40 € 6 1.686,40 € 6 
37 L N H S S 7 790,96 € 4 790,96 € 4 
38 L N H S S 8 1.404,94 € 5 1.404,94 € 5 
39 L N H S S 9 1.466,01 € 8 1.466,01 € 8 
40 L N L L L 0 1.870,87 € 16 1.151,20 € 86 
41 L N L L L 1 3.034,74 € 20 1.880,45 € 119 
42 L N L L L 2 3.140,95 € 18 1.779,61 € 115 
43 L N L L L 3 1.994,05 € 15 1.155,48 € 83 
44 L N L L L 4 2.275,58 € 17 1.454,45 € 93 
45 L N L L L 5 2.914,33 € 22 1.784,16 € 118 
46 L N L L L 6 2.907,09 € 19 1.712,10 € 115 
47 L N L L L 7 2.940,00 € 18 1.630,36 € 107 
48 L N L L L 8 2.622,92 € 19 1.611,11 € 111 
49 L N L L L 9 3.073,21 € 22 1.730,60 € 102 
50 L N L L S 0 1.895,34 € 9 991,59 € 82 
51 L N L L S 1 2.782,86 € 11 1.215,50 € 109 
52 L N L L S 2 3.074,06 € 10 1.246,81 € 116 
53 L N L L S 3 1.790,89 € 7 802,72 € 80 
54 L N L L S 4 2.278,90 € 10 1.075,26 € 92 
55 L N L L S 5 2.525,93 € 10 1.168,51 € 118 
56 L N L L S 6 2.561,87 € 9 1.039,63 € 97 
57 L N L L S 7 2.673,66 € 10 1.231,47 € 107 
58 L N L L S 8 2.447,59 € 8 1.000,71 € 84 
59 L N L L S 9 2.286,45 € 8 924,38 € 85 
60 L N L S L 0 1.376,04 € 13 846,13 € 56 
61 L N L S L 1 782,19 € 8 486,91 € 32 
62 L N L S L 2 1.503,03 € 13 969,94 € 61 
63 L N L S L 3 1.110,25 € 9 598,19 € 37 
64 L N L S L 4 1.278,62 € 10 829,05 € 46 
65 L N L S L 5 1.432,41 € 11 875,80 € 50 
66 L N L S L 6 890,32 € 10 598,10 € 38 
67 L N L S L 7 721,89 € 7 442,55 € 30 
68 L N L S L 8 962,61 € 10 652,38 € 42 
69 L N L S L 9 1.242,42 € 10 731,77 € 46 
70 L N L S S 0 629,20 € 5 343,86 € 30 
71 L N L S S 1 1.159,53 € 6 514,55 € 50 
72 L N L S S 2 886,83 € 7 446,54 € 42 
73 L N L S S 3 1.278,36 € 6 608,87 € 51 
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74 L N L S S 4 1.177,85 € 5 468,33 € 44 
75 L N L S S 5 1.751,94 € 8 787,63 € 66 
76 L N L S S 6 1.533,04 € 6 585,34 € 61 
77 L N L S S 7 678,64 € 4 317,52 € 29 
78 L N L S S 8 1.271,60 € 5 510,56 € 49 
79 L N L S S 9 1.238,64 € 8 650,94 € 54 
80 L Y H L L 0 2.949,96 € 16 2.949,96 € 16 
81 L Y H L L 1 4.239,40 € 20 4.319,79 € 20 
82 L Y H L L 2 4.164,04 € 18 4.277,08 € 19 
83 L Y H L L 3 2.929,10 € 15 2.929,10 € 15 
84 L Y H L L 4 3.536,58 € 17 3.536,58 € 17 
85 L Y H L L 5 4.253,57 € 22 4.253,57 € 22 
86 L Y H L L 6 4.004,32 € 19 4.004,32 € 19 
87 L Y H L L 7 3.953,63 € 18 3.934,92 € 18 
88 L Y H L L 8 3.935,06 € 19 3.935,06 € 19 
89 L Y H L L 9 4.329,99 € 22 4.329,99 € 22 
90 L Y H L S 0 2.168,15 € 9 2.168,15 € 9 
91 L Y H L S 1 3.154,00 € 11 3.154,00 € 11 
92 L Y H L S 2 3.331,46 € 10 3.331,46 € 10 
93 L Y H L S 3 2.002,21 € 7 2.002,21 € 7 
94 L Y H L S 4 2.604,07 € 10 2.604,07 € 10 
95 L Y H L S 5 2.818,82 € 10 2.818,82 € 10 
96 L Y H L S 6 2.783,42 € 9 2.783,42 € 9 
97 L Y H L S 7 2.942,72 € 10 2.942,72 € 10 
98 L Y H L S 8 2.655,89 € 8 2.655,89 € 8 
99 L Y H L S 9 2.480,34 € 8 2.480,34 € 8 
100 L Y H S L 0 2.334,38 € 13 2.367,72 € 14 
101 L Y H S L 1 1.420,91 € 8 1.420,91 € 8 
102 L Y H S L 2 2.437,33 € 13 2.437,33 € 13 
103 L Y H S L 3 1.769,18 € 9 1.769,18 € 9 
104 L Y H S L 4 2.042,49 € 10 2.042,49 € 10 
105 L Y H S L 5 2.089,47 € 11 2.089,47 € 11 
106 L Y H S L 6 1.459,70 € 10 1.459,70 € 10 
107 L Y H S L 7 1.212,80 € 7 1.212,80 € 7 
108 L Y H S L 8 1.851,30 € 10 1.851,30 € 10 
109 L Y H S L 9 1.897,13 € 10 1.897,13 € 10 
110 L Y H S S 0 858,19 € 5 858,19 € 5 
111 L Y H S S 1 1.380,66 € 6 1.380,66 € 6 
112 L Y H S S 2 1.115,73 € 7 1.115,73 € 7 
113 L Y H S S 3 1.546,49 € 6 1.546,49 € 6 
114 L Y H S S 4 1.304,57 € 5 1.304,57 € 5 
115 L Y H S S 5 2.015,47 € 8 2.015,47 € 8 
116 L Y H S S 6 1.743,61 € 6 1.743,61 € 6 
117 L Y H S S 7 853,72 € 4 853,72 € 4 
118 L Y H S S 8 1.417,39 € 5 1.417,39 € 5 
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119 L Y H S S 9 1.575,28 € 8 1.575,28 € 8 
120 L Y L L L 0 2.610,05 € 16 2.788,39 € 18 
121 L Y L L L 1 3.761,75 € 20 3.686,56 € 24 
122 L Y L L L 2 3.732,18 € 18 3.609,71 € 21 
123 L Y L L L 3 2.573,71 € 15 2.573,71 € 15 
124 L Y L L L 4 3.170,32 € 17 3.009,41 € 17 
125 L Y L L L 5 3.744,60 € 22 3.739,04 € 24 
126 L Y L L L 6 3.545,11 € 19 3.668,38 € 20 
127 L Y L L L 7 3.549,35 € 18 3.505,71 € 19 
128 L Y L L L 8 3.500,03 € 19 3.382,83 € 20 
129 L Y L L L 9 3.816,34 € 22 3.469,57 € 24 
130 L Y L L S 0 1.895,34 € 9 1.895,34 € 9 
131 L Y L L S 1 2.894,01 € 11 2.894,01 € 11 
132 L Y L L S 2 3.074,06 € 10 2.925,37 € 14 
133 L Y L L S 3 1.790,89 € 7 1.776,87 € 10 
134 L Y L L S 4 2.348,04 € 10 2.353,26 € 11 
135 L Y L L S 5 2.525,93 € 10 2.685,39 € 11 
136 L Y L L S 6 2.561,87 € 9 2.569,71 € 11 
137 L Y L L S 7 2.673,66 € 10 2.673,66 € 10 
138 L Y L L S 8 2.447,59 € 8 2.447,59 € 8 
139 L Y L L S 9 2.286,45 € 8 2.281,43 € 9 
140 L Y L S L 0 2.053,22 € 13 2.051,84 € 14 
141 L Y L S L 1 1.281,74 € 8 1.281,74 € 8 
142 L Y L S L 2 2.181,23 € 13 2.128,73 € 14 
143 L Y L S L 3 1.561,24 € 9 1.561,24 € 9 
144 L Y L S L 4 1.806,91 € 10 1.806,91 € 10 
145 L Y L S L 5 1.813,79 € 11 1.813,79 € 11 
146 L Y L S L 6 1.220,59 € 10 1.220,59 € 10 
147 L Y L S L 7 1.064,99 € 7 1.064,99 € 7 
148 L Y L S L 8 1.666,76 € 10 1.666,76 € 10 
149 L Y L S L 9 1.668,17 € 10 1.668,17 € 10 
150 L Y L S S 0 727,73 € 5 727,73 € 5 
151 L Y L S S 1 1.221,54 € 6 1.221,54 € 6 
152 L Y L S S 2 950,93 € 7 950,93 € 7 
153 L Y L S S 3 1.390,04 € 6 1.390,04 € 6 
154 L Y L S S 4 1.177,85 € 5 953,17 € 6 
155 L Y L S S 5 1.804,29 € 8 1.785,36 € 8 
156 L Y L S S 6 1.600,76 € 6 1.600,76 € 6 
157 L Y L S S 7 756,95 € 4 752,68 € 5 
158 L Y L S S 8 1.291,61 € 5 1.291,61 € 5 
159 L Y L S S 9 1.376,41 € 8 1.366,00 € 11 
160 S N H L L 0 3.554,15 € 16 3.289,51 € 43 
161 S N H L L 1 5.578,22 € 21 4.799,37 € 67 
162 S N H L L 2 5.641,21 € 20 4.570,74 € 66 
163 S N H L L 3 4.050,67 € 15 2.826,02 € 44 
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164 S N H L L 4 4.689,20 € 16 3.702,28 € 93 
165 S N H L L 5 5.729,64 € 22 4.307,17 € 66 
166 S N H L L 6 5.509,89 € 20 4.409,74 € 63 
167 S N H L L 7 4.909,92 € 19 4.074,73 € 61 
168 S N H L L 8 5.405,04 € 20 4.244,81 € 59 
169 S N H L L 9 4.990,63 € 24 4.307,92 € 103 
170 S N H L S 0 3.027,44 € 10 2.972,10 € 39 
171 S N H L S 1 3.585,61 € 14 3.612,72 € 46 
172 S N H L S 2 3.455,29 € 13 3.647,28 € 46 
173 S N H L S 3 2.504,31 € 9 2.607,36 € 28 
174 S N H L S 4 3.303,95 € 11 3.148,98 € 41 
175 S N H L S 5 3.456,62 € 13 3.412,70 € 37 
176 S N H L S 6 3.145,91 € 12 2.989,50 € 35 
177 S N H L S 7 3.505,81 € 12 3.662,89 € 43 
178 S N H L S 8 2.914,22 € 10 2.774,29 € 42 
179 S N H L S 9 2.766,81 € 10 2.529,20 € 36 
180 S N H S L 0 2.691,24 € 13 2.275,28 € 31 
181 S N H S L 1 1.455,83 € 8 1.353,69 € 18 
182 S N H S L 2 3.076,68 € 13 2.456,66 € 61 
183 S N H S L 3 2.295,74 € 9 1.503,58 € 37 
184 S N H S L 4 2.692,89 € 10 2.028,97 € 46 
185 S N H S L 5 2.974,15 € 11 2.148,49 € 50 
186 S N H S L 6 1.931,43 € 10 1.519,76 € 38 
187 S N H S L 7 1.560,65 € 7 1.042,94 € 17 
188 S N H S L 8 1.988,18 € 10 1.653,90 € 42 
189 S N H S L 9 2.470,12 € 10 1.853,10 € 46 
190 S N H S S 0 1.168,31 € 5 1.292,21 € 12 
191 S N H S S 1 1.748,55 € 6 1.516,14 € 20 
192 S N H S S 2 1.406,40 € 7 1.271,28 € 16 
193 S N H S S 3 1.938,32 € 7 1.645,25 € 25 
194 S N H S S 4 1.556,30 € 6 1.529,95 € 18 
195 S N H S S 5 2.415,66 € 9 2.375,40 € 29 
196 S N H S S 6 2.115,23 € 7 1.642,81 € 19 
197 S N H S S 7 1.222,28 € 4 933,34 € 14 
198 S N H S S 8 1.578,15 € 7 1.509,94 € 19 
199 S N H S S 9 2.197,23 € 9 1.993,13 € 23 
200 S N L L L 0 3.324,69 € 16 1.612,13 € 85 
201 S N L L L 1 5.276,18 € 21 2.730,83 € 119 
202 S N L L L 2 5.355,29 € 20 2.572,04 € 116 
203 S N L L L 3 3.839,21 € 15 1.626,37 € 83 
204 S N L L L 4 4.478,75 € 16 2.102,77 € 93 
205 S N L L L 5 5.421,34 € 22 2.563,86 € 117 
206 S N L L L 6 5.233,41 € 20 2.447,07 € 115 
207 S N L L L 7 4.622,50 € 19 2.361,58 € 107 
208 S N L L L 8 5.139,21 € 20 2.302,82 € 111 
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209 S N L L L 9 4.636,39 € 24 2.538,46 € 102 
210 S N L L S 0 2.871,70 € 10 1.361,00 € 82 
211 S N L L S 1 3.366,87 € 14 1.622,81 € 109 
212 S N L L S 2 3.231,45 € 13 1.650,60 € 116 
213 S N L L S 3 2.359,80 € 9 1.037,31 € 80 
214 S N L L S 4 3.132,80 € 11 1.452,05 € 92 
215 S N L L S 5 3.241,55 € 13 1.507,86 € 118 
216 S N L L S 6 2.951,37 € 12 1.373,44 € 97 
217 S N L L S 7 3.308,31 € 12 1.667,30 € 107 
218 S N L L S 8 2.750,92 € 10 1.366,64 € 84 
219 S N L L S 9 2.609,92 € 10 1.222,73 € 85 
220 S N L S L 0 2.493,74 € 13 1.218,44 € 56 
221 S N L S L 1 1.334,36 € 8 705,38 € 32 
222 S N L S L 2 2.887,18 € 13 1.407,82 € 61 
223 S N L S L 3 2.162,61 € 9 869,07 € 38 
224 S N L S L 4 2.553,42 € 10 1.236,81 € 46 
225 S N L S L 5 2.824,83 € 11 1.300,20 € 51 
226 S N L S L 6 1.793,91 € 10 866,97 € 39 
227 S N L S L 7 1.460,93 € 7 627,94 € 31 
228 S N L S L 8 1.842,38 € 10 931,55 € 42 
229 S N L S L 9 2.328,28 € 10 1.073,15 € 46 
230 S N L S S 0 1.094,15 € 5 474,12 € 31 
231 S N L S S 1 1.654,73 € 6 670,04 € 50 
232 S N L S S 2 1.292,64 € 7 589,03 € 42 
233 S N L S S 3 1.832,99 € 7 837,18 € 51 
234 S N L S S 4 1.471,84 € 6 619,70 € 44 
235 S N L S S 5 2.272,74 € 9 1.075,43 € 66 
236 S N L S S 6 2.014,43 € 7 740,58 € 61 
237 S N L S S 7 1.173,82 € 4 421,15 € 29 
238 S N L S S 8 1.459,93 € 7 666,73 € 49 
239 S N L S S 9 2.079,36 € 9 892,07 € 54 
240 S Y H L L 0 3.685,10 € 16 3.755,91 € 22 
241 S Y H L L 1 5.579,53 € 21 5.887,69 € 27 
242 S Y H L L 2 5.684,00 € 20 5.788,07 € 27 
243 S Y H L L 3 4.109,21 € 15 3.704,69 € 22 
244 S Y H L L 4 4.746,53 € 16 4.406,19 € 22 
245 S Y H L L 5 5.950,50 € 22 5.230,33 € 30 
246 S Y H L L 6 5.659,18 € 20 5.545,09 € 27 
247 S Y H L L 7 4.990,28 € 19 4.967,06 € 24 
248 S Y H L L 8 5.623,97 € 20 5.396,89 € 26 
249 S Y H L L 9 5.052,73 € 24 5.426,78 € 29 
250 S Y H L S 0 3.027,44 € 10 3.018,77 € 18 
251 S Y H L S 1 3.585,61 € 14 3.656,53 € 24 
252 S Y H L S 2 3.455,29 € 13 3.617,59 € 24 
253 S Y H L S 3 2.504,31 € 9 2.411,29 € 15 
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254 S Y H L S 4 3.303,95 € 11 3.432,19 € 19 
255 S Y H L S 5 3.456,62 € 13 3.429,45 € 18 
256 S Y H L S 6 3.146,31 € 12 3.200,47 € 18 
257 S Y H L S 7 3.505,81 € 12 3.570,55 € 15 
258 S Y H L S 8 2.914,22 € 10 2.982,77 € 18 
259 S Y H L S 9 2.766,81 € 10 2.646,75 € 18 
260 S Y H S L 0 2.963,88 € 13 2.843,73 € 14 
261 S Y H S L 1 1.617,05 € 8 1.600,81 € 9 
262 S Y H S L 2 3.210,23 € 13 3.271,96 € 16 
263 S Y H S L 3 2.466,66 € 9 2.466,66 € 9 
264 S Y H S L 4 2.751,78 € 10 2.679,29 € 13 
265 S Y H S L 5 2.974,15 € 11 3.275,84 € 15 
266 S Y H S L 6 2.015,14 € 10 1.969,17 € 13 
267 S Y H S L 7 1.620,63 € 7 1.413,02 € 11 
268 S Y H S L 8 2.144,65 € 10 2.360,90 € 12 
269 S Y H S L 9 2.583,41 € 10 2.622,41 € 16 
270 S Y H S S 0 1.168,31 € 5 1.202,14 € 6 
271 S Y H S S 1 1.748,55 € 6 1.650,41 € 9 
272 S Y H S S 2 1.404,68 € 7 1.471,90 € 9 
273 S Y H S S 3 1.938,32 € 7 2.092,40 € 11 
274 S Y H S S 4 1.556,30 € 6 1.547,23 € 9 
275 S Y H S S 5 2.415,66 € 9 2.474,50 € 12 
276 S Y H S S 6 2.115,23 € 7 1.999,64 € 12 
277 S Y H S S 7 1.222,28 € 4 1.036,97 € 6 
278 S Y H S S 8 1.577,28 € 7 1.666,62 € 10 
279 S Y H S S 9 2.197,23 € 9 2.166,52 € 12 
280 S Y L L L 0 3.470,32 € 16 3.524,04 € 19 
281 S Y L L L 1 5.282,31 € 21 5.321,43 € 26 
282 S Y L L L 2 5.405,00 € 20 5.543,35 € 25 
283 S Y L L L 3 3.902,50 € 15 3.326,99 € 23 
284 S Y L L L 4 4.541,33 € 16 4.095,25 € 21 
285 S Y L L L 5 5.674,38 € 22 4.809,81 € 30 
286 S Y L L L 6 5.402,71 € 20 5.316,73 € 27 
287 S Y L L L 7 4.715,53 € 19 4.613,38 € 23 
288 S Y L L L 8 5.384,06 € 20 5.164,54 € 25 
289 S Y L L L 9 4.714,40 € 24 5.202,91 € 26 
290 S Y L L S 0 2.871,70 € 10 2.806,07 € 17 
291 S Y L L S 1 3.366,87 € 14 3.306,30 € 18 
292 S Y L L S 2 3.231,45 € 13 3.227,13 € 21 
293 S Y L L S 3 2.359,80 € 9 2.185,51 € 13 
294 S Y L L S 4 3.132,80 € 11 3.129,88 € 21 
295 S Y L L S 5 3.241,55 € 13 3.060,36 € 23 
296 S Y L L S 6 2.960,41 € 12 2.956,15 € 16 
297 S Y L L S 7 3.308,31 € 12 3.319,38 € 17 
298 S Y L L S 8 2.750,92 € 10 2.727,74 € 13 
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299 S Y L L S 9 2.609,92 € 10 2.504,03 € 14 
300 S Y L S L 0 2.797,49 € 13 2.655,23 € 14 
301 S Y L S L 1 1.521,50 € 8 1.479,49 € 9 
302 S Y L S L 2 3.046,35 € 13 3.061,08 € 16 
303 S Y L S L 3 2.350,38 € 9 2.045,96 € 12 
304 S Y L S L 4 2.617,14 € 10 2.608,30 € 14 
305 S Y L S L 5 2.824,83 € 11 3.064,92 € 15 
306 S Y L S L 6 1.888,86 € 10 1.797,81 € 13 
307 S Y L S L 7 1.532,21 € 7 1.310,29 € 9 
308 S Y L S L 8 2.014,55 € 10 2.161,69 € 11 
309 S Y L S L 9 2.451,22 € 10 2.683,14 € 12 
310 S Y L S S 0 1.094,15 € 5 1.070,17 € 7 
311 S Y L S S 1 1.654,73 € 6 1.643,22 € 7 
312 S Y L S S 2 1.293,73 € 7 1.383,47 € 8 
313 S Y L S S 3 1.832,99 € 7 1.839,42 € 9 
314 S Y L S S 4 1.471,84 € 6 1.444,25 € 7 
315 S Y L S S 5 2.272,74 € 9 2.202,41 € 13 
316 S Y L S S 6 2.014,43 € 7 1.927,17 € 11 
317 S Y L S S 7 1.173,82 € 4 1.004,78 € 6 
318 S Y L S S 8 1.467,27 € 7 1.406,29 € 8 
319 S Y L S S 9 2.079,36 € 9 1.945,64 € 10 
 
Annexe C: Full results Nested Routes 1 and 2 model 
Data Nested routes 1 Nested routes 2 
File vcap ccap hc nr area num Total cost 
N 
routes 
Total cost 
N 
routes 
Nested 
customers 
0 L N H L L 0 2.377,68 € 16 2.358,50 € 17 2 
1 L N H L L 1 3.519,49 € 21 3.519,49 € 21 1 
2 L N H L L 2 3.634,07 € 19 3.599,84 € 19 4 
3 L N H L L 3 2.599,23 € 14 2.371,62 € 15 3 
4 L N H L L 4 2.802,41 € 17 2.674,71 € 17 3 
5 L N H L L 5 3.590,89 € 21 3.590,89 € 21 1 
6 L N H L L 6 3.498,15 € 19 3.498,15 € 19 1 
7 L N H L L 7 3.531,24 € 18 3.371,45 € 19 4 
8 L N H L L 8 3.365,21 € 20 3.096,98 € 20 5 
9 L N H L L 9 3.341,13 € 23 3.425,63 € 24 3 
10 L N H L S 0 2.200,58 € 9 2.200,58 € 9 1 
11 L N H L S 1 2.825,72 € 12 2.825,72 € 12 1 
12 L N H L S 2 3.340,15 € 10 3.331,46 € 10 0 
13 L N H L S 3 1.930,59 € 8 1.930,59 € 8 1 
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14 L N H L S 4 2.554,49 € 10 2.555,30 € 10 4 
15 L N H L S 5 2.846,36 € 10 2.846,36 € 10 1 
16 L N H L S 6 2.799,77 € 9 2.299,71 € 12 6 
17 L N H L S 7 2.979,46 € 10 2.815,35 € 11 5 
18 L N H L S 8 2.470,48 € 9 2.470,48 € 9 1 
19 L N H L S 9 2.501,59 € 8 2.353,77 € 9 3 
20 L N H S L 0 1.835,55 € 13 1.789,03 € 14 1 
21 L N H S L 1 1.055,08 € 7 970,05 € 8 2 
22 L N H S L 2 1.909,06 € 13 1.870,70 € 13 1 
23 L N H S L 3 1.413,70 € 9 1.397,87 € 9 2 
24 L N H S L 4 1.603,11 € 10 1.603,11 € 10 1 
25 L N H S L 5 1.735,22 € 12 1.735,22 € 12 1 
26 L N H S L 6 1.195,21 € 10 1.136,44 € 10 2 
27 L N H S L 7 941,73 € 8 923,16 € 7 2 
28 L N H S L 8 1.246,30 € 11 1.246,30 € 11 1 
29 L N H S L 9 1.539,71 € 11 1.539,71 € 11 1 
30 L N H S S 0 769,72 € 5 769,72 € 5 1 
31 L N H S S 1 1.398,60 € 6 1.319,39 € 6 2 
32 L N H S S 2 1.132,52 € 7 1.108,02 € 7 0 
33 L N H S S 3 1.328,99 € 6 1.328,99 € 6 1 
34 L N H S S 4 1.199,87 € 6 1.048,16 € 7 2 
35 L N H S S 5 1.988,06 € 8 1.986,73 € 8 0 
36 L N H S S 6 1.577,04 € 6 1.442,15 € 7 2 
37 L N H S S 7 769,96 € 4 657,79 € 5 2 
38 L N H S S 8 1.298,77 € 5 1.298,77 € 5 1 
39 L N H S S 9 1.526,30 € 8 1.466,01 € 8 0 
40 L N L L L 0 1.876,68 € 17 1.151,20 € 86 0 
41 L N L L L 1 2.889,31 € 21 1.880,45 € 119 0 
42 L N L L L 2 3.118,85 € 19 1.779,61 € 115 0 
43 L N L L L 3 1.949,83 € 16 1.155,48 € 83 0 
44 L N L L L 4 2.275,95 € 18 1.454,45 € 93 0 
45 L N L L L 5 2.922,88 € 23 1.784,16 € 118 0 
46 L N L L L 6 2.888,16 € 20 1.712,10 € 115 0 
47 L N L L L 7 2.909,67 € 19 1.630,36 € 107 0 
48 L N L L L 8 2.933,93 € 19 1.611,11 € 111 0 
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49 L N L L L 9 2.844,22 € 23 1.730,60 € 102 0 
50 L N L L S 0 1.772,44 € 10 991,59 € 82 0 
51 L N L L S 1 2.608,10 € 12 1.215,50 € 109 0 
52 L N L L S 2 3.144,72 € 11 1.246,81 € 116 0 
53 L N L L S 3 1.590,62 € 8 802,72 € 80 0 
54 L N L L S 4 2.291,42 € 11 1.075,26 € 92 0 
55 L N L L S 5 2.599,93 € 11 1.168,51 € 118 0 
56 L N L L S 6 2.563,63 € 10 1.039,63 € 97 0 
57 L N L L S 7 2.685,59 € 11 1.231,47 € 107 0 
58 L N L L S 8 2.271,14 € 9 1.000,71 € 84 0 
59 L N L L S 9 2.246,33 € 9 924,38 € 85 0 
60 L N L S L 0 1.360,52 € 14 846,13 € 56 0 
61 L N L S L 1 786,51 € 9 486,91 € 32 0 
62 L N L S L 2 1.534,19 € 14 969,94 € 61 0 
63 L N L S L 3 1.073,49 € 10 598,19 € 37 0 
64 L N L S L 4 1.250,93 € 11 829,05 € 46 0 
65 L N L S L 5 1.337,63 € 12 875,80 € 50 0 
66 L N L S L 6 889,81 € 11 598,10 € 38 0 
67 L N L S L 7 707,55 € 8 442,55 € 30 0 
68 L N L S L 8 967,01 € 10 652,38 € 42 0 
69 L N L S L 9 1.185,45 € 11 731,77 € 46 0 
70 L N L S S 0 628,91 € 6 343,86 € 30 0 
71 L N L S S 1 1.169,66 € 7 514,55 € 50 0 
72 L N L S S 2 951,81 € 7 446,54 € 42 0 
73 L N L S S 3 1.285,33 € 7 608,87 € 51 0 
74 L N L S S 4 1.037,27 € 6 468,33 € 44 0 
75 L N L S S 5 1.779,16 € 8 787,63 € 66 0 
76 L N L S S 6 1.524,18 € 7 585,34 € 61 0 
77 L N L S S 7 620,40 € 5 317,52 € 29 0 
78 L N L S S 8 1.144,13 € 6 510,56 € 49 0 
79 L N L S S 9 1.221,58 € 9 650,94 € 54 0 
80 L Y H L L 0 2.989,30 € 16 2.989,30 € 16 1 
81 L Y H L L 1 4.133,94 € 21 4.133,94 € 21 1 
82 L Y H L L 2 4.101,75 € 19 4.101,75 € 19 1 
83 L Y H L L 3 3.076,33 € 14 2.904,13 € 15 3 
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84 L Y H L L 4 3.544,49 € 17 3.459,97 € 17 3 
85 L Y H L L 5 4.257,59 € 21 4.257,59 € 21 1 
86 L Y H L L 6 4.062,92 € 19 4.062,92 € 19 1 
87 L Y H L L 7 4.011,11 € 18 3.879,05 € 19 4 
88 L Y H L L 8 3.929,97 € 20 3.714,45 € 20 5 
89 L Y H L L 9 4.159,57 € 22 3.973,98 € 23 3 
90 L Y H L S 0 2.254,75 € 9 2.254,75 € 9 1 
91 L Y H L S 1 2.905,39 € 12 2.905,39 € 12 1 
92 L Y H L S 2 3.340,15 € 10 3.331,46 € 10 0 
93 L Y H L S 3 1.906,71 € 8 1.906,71 € 8 1 
94 L Y H L S 4 2.621,38 € 10 2.621,38 € 10 1 
95 L Y H L S 5 2.846,36 € 10 2.846,36 € 10 1 
96 L Y H L S 6 2.799,77 € 9 2.345,89 € 12 6 
97 L Y H L S 7 2.979,46 € 10 2.861,86 € 11 5 
98 L Y H L S 8 2.488,92 € 9 2.488,92 € 9 1 
99 L Y H L S 9 2.501,59 € 8 2.373,95 € 9 3 
100 L Y H S L 0 2.337,95 € 13 2.285,64 € 13 2 
101 L Y H S L 1 1.418,27 € 7 1.319,72 € 8 2 
102 L Y H S L 2 2.394,59 € 13 2.394,59 € 13 1 
103 L Y H S L 3 1.774,21 € 9 1.769,18 € 9 0 
104 L Y H S L 4 1.971,06 € 10 1.971,06 € 10 1 
105 L Y H S L 5 2.039,52 € 12 2.008,98 € 14 3 
106 L Y H S L 6 1.403,43 € 10 1.342,78 € 10 2 
107 L Y H S L 7 1.230,07 € 8 1.212,80 € 7 0 
108 L Y H S L 8 1.888,18 € 11 1.851,30 € 10 0 
109 L Y H S L 9 1.908,75 € 11 1.908,75 € 11 1 
110 L Y H S S 0 886,01 € 5 858,19 € 5 0 
111 L Y H S S 1 1.451,34 € 6 1.305,18 € 7 3 
112 L Y H S S 2 1.154,42 € 7 1.115,73 € 7 0 
113 L Y H S S 3 1.408,64 € 6 1.408,64 € 6 1 
114 L Y H S S 4 1.198,06 € 6 1.065,46 € 7 2 
115 L Y H S S 5 2.028,65 € 8 2.015,47 € 8 0 
116 L Y H S S 6 1.634,25 € 6 1.487,24 € 7 2 
117 L Y H S S 7 853,92 € 4 741,76 € 5 2 
118 L Y H S S 8 1.313,79 € 5 1.313,79 € 5 1 
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119 L Y H S S 9 1.676,50 € 8 1.575,28 € 8 0 
120 L Y L L L 0 2.637,73 € 16 2.637,73 € 16 1 
121 L Y L L L 1 3.625,83 € 21 3.600,55 € 25 3 
122 L Y L L L 2 3.749,84 € 19 3.601,18 € 22 1 
123 L Y L L L 3 2.745,13 € 14 2.542,37 € 15 3 
124 L Y L L L 4 3.176,25 € 17 3.015,87 € 17 1 
125 L Y L L L 5 3.773,10 € 21 3.773,10 € 21 1 
126 L Y L L L 6 3.618,97 € 19 3.618,97 € 19 1 
127 L Y L L L 7 3.603,81 € 18 3.384,25 € 20 4 
128 L Y L L L 8 3.431,67 € 20 3.276,99 € 21 4 
129 L Y L L L 9 3.388,84 € 23 3.415,34 € 24 1 
130 L Y L L S 0 1.981,62 € 9 1.981,62 € 9 1 
131 L Y L L S 1 2.600,11 € 12 2.600,11 € 12 1 
132 L Y L L S 2 3.095,25 € 10 2.799,99 € 17 6 
133 L Y L L S 3 1.663,40 € 8 1.500,46 € 11 1 
134 L Y L L S 4 2.361,82 € 10 2.348,33 € 10 4 
135 L Y L L S 5 2.550,30 € 10 2.550,30 € 10 1 
136 L Y L L S 6 2.577,76 € 9 1.995,04 € 12 6 
137 L Y L L S 7 2.711,04 € 10 2.528,04 € 12 6 
138 L Y L L S 8 2.251,10 € 9 2.251,10 € 9 1 
139 L Y L L S 9 2.304,96 € 8 2.083,75 € 11 5 
140 L Y L S L 0 2.056,79 € 14 1.949,64 € 15 1 
141 L Y L S L 1 1.282,55 € 7 1.143,47 € 8 2 
142 L Y L S L 2 2.119,52 € 13 2.041,19 € 15 3 
143 L Y L S L 3 1.566,27 € 9 1.561,24 € 9 0 
144 L Y L S L 4 1.729,39 € 10 1.729,39 € 10 1 
145 L Y L S L 5 1.722,15 € 12 1.644,81 € 14 3 
146 L Y L S L 6 1.156,04 € 10 1.082,13 € 10 3 
147 L Y L S L 7 1.070,37 € 8 1.064,99 € 7 0 
148 L Y L S L 8 1.684,57 € 11 1.666,76 € 10 0 
149 L Y L S L 9 1.667,40 € 11 1.667,40 € 11 1 
150 L Y L S S 0 752,38 € 5 727,73 € 5 0 
151 L Y L S S 1 1.302,30 € 6 1.108,04 € 7 3 
152 L Y L S S 2 991,92 € 7 950,93 € 7 0 
153 L Y L S S 3 1.226,34 € 6 1.226,34 € 6 1 
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154 L Y L S S 4 1.016,49 € 6 945,94 € 6 1 
155 L Y L S S 5 1.812,64 € 9 1.785,36 € 8 0 
156 L Y L S S 6 1.469,26 € 6 1.283,01 € 7 2 
157 L Y L S S 7 756,51 € 4 593,92 € 6 2 
158 L Y L S S 8 1.169,57 € 5 1.169,57 € 5 1 
159 L Y L S S 9 1.383,75 € 9 1.366,00 € 11 0 
160 S N H L L 0 3.601,95 € 16 3.137,28 € 43 2 
161 S N H L L 1 5.623,60 € 22 4.838,85 € 67 2 
162 S N H L L 2 5.616,98 € 21 4.471,25 € 69 4 
163 S N H L L 3 4.079,83 € 16 2.826,02 € 44 0 
164 S N H L L 4 4.732,49 € 17 3.702,28 € 93 0 
165 S N H L L 5 5.761,32 € 23 4.233,16 € 67 1 
166 S N H L L 6 5.523,79 € 21 4.358,20 € 63 1 
167 S N H L L 7 5.145,99 € 19 4.010,30 € 65 5 
168 S N H L L 8 5.302,96 € 20 4.079,03 € 59 1 
169 S N H L L 9 4.980,25 € 25 4.307,92 € 103 0 
170 S N H L S 0 3.127,36 € 11 2.876,18 € 41 3 
171 S N H L S 1 3.591,75 € 13 3.591,75 € 13 1 
172 S N H L S 2 3.490,83 € 13 3.490,83 € 13 1 
173 S N H L S 3 2.564,72 € 9 2.564,72 € 9 4 
174 S N H L S 4 3.396,32 € 13 3.083,93 € 46 5 
175 S N H L S 5 3.551,47 € 14 3.358,88 € 39 4 
176 S N H L S 6 3.172,74 € 12 2.989,50 € 35 0 
177 S N H L S 7 3.528,61 € 12 3.528,61 € 12 1 
178 S N H L S 8 2.929,37 € 11 2.774,29 € 42 0 
179 S N H L S 9 2.797,10 € 11 2.432,83 € 37 3 
180 S N H S L 0 2.621,52 € 14 2.209,40 € 33 4 
181 S N H S L 1 1.356,06 € 9 1.219,80 € 20 2 
182 S N H S L 2 3.205,00 € 14 2.456,66 € 61 0 
183 S N H S L 3 2.104,10 € 10 1.503,58 € 37 0 
184 S N H S L 4 2.529,35 € 11 2.028,97 € 46 0 
185 S N H S L 5 3.003,35 € 12 2.148,49 € 50 0 
186 S N H S L 6 1.942,80 € 11 1.519,76 € 38 0 
187 S N H S L 7 1.598,58 € 8 1.038,61 € 19 2 
188 S N H S L 8 2.177,94 € 10 1.653,90 € 42 0 
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189 S N H S L 9 2.502,38 € 11 1.853,10 € 46 0 
190 S N H S S 0 1.212,04 € 5 1.212,04 € 5 1 
191 S N H S S 1 1.781,39 € 7 1.494,00 € 22 2 
192 S N H S S 2 1.504,68 € 8 1.271,28 € 16 0 
193 S N H S S 3 1.915,50 € 7 1.603,93 € 25 1 
194 S N H S S 4 1.565,87 € 6 1.342,71 € 20 2 
195 S N H S S 5 2.395,49 € 9 2.252,74 € 33 5 
196 S N H S S 6 2.118,71 € 8 1.642,81 € 19 0 
197 S N H S S 7 986,80 € 5 933,34 € 14 0 
198 S N H S S 8 1.638,29 € 8 1.509,94 € 19 0 
199 S N H S S 9 2.094,04 € 10 1.861,52 € 26 4 
200 S N L L L 0 3.329,50 € 17 1.612,13 € 85 0 
201 S N L L L 1 5.301,33 € 22 2.730,83 € 119 0 
202 S N L L L 2 5.312,02 € 21 2.572,04 € 116 0 
203 S N L L L 3 3.848,49 € 16 1.626,37 € 83 0 
204 S N L L L 4 4.501,95 € 17 2.102,77 € 93 0 
205 S N L L L 5 5.433,94 € 23 2.563,86 € 117 0 
206 S N L L L 6 5.229,45 € 21 2.447,07 € 115 0 
207 S N L L L 7 4.869,87 € 19 2.361,58 € 107 0 
208 S N L L L 8 5.017,19 € 20 2.302,82 € 111 0 
209 S N L L L 9 4.603,04 € 25 2.538,46 € 102 0 
210 S N L L S 0 2.955,75 € 11 1.361,00 € 82 0 
211 S N L L S 1 3.435,46 € 14 1.622,81 € 109 0 
212 S N L L S 2 3.226,88 € 14 1.650,60 € 116 0 
213 S N L L S 3 2.337,34 € 10 1.037,31 € 80 0 
214 S N L L S 4 3.140,99 € 12 1.452,05 € 92 0 
215 S N L L S 5 3.320,21 € 14 1.507,86 € 118 0 
216 S N L L S 6 2.975,60 € 12 1.373,44 € 97 0 
217 S N L L S 7 3.329,30 € 13 1.667,30 € 107 0 
218 S N L L S 8 2.748,22 € 11 1.366,64 € 84 0 
219 S N L L S 9 2.624,01 € 11 1.222,73 € 85 0 
220 S N L S L 0 2.499,59 € 14 1.218,44 € 56 0 
221 S N L S L 1 1.210,48 € 9 705,38 € 32 0 
222 S N L S L 2 3.002,47 € 14 1.407,82 € 61 0 
223 S N L S L 3 1.947,43 € 10 869,07 € 38 0 
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224 S N L S L 4 2.367,92 € 11 1.236,81 € 46 0 
225 S N L S L 5 2.835,80 € 12 1.300,20 € 51 0 
226 S N L S L 6 1.784,26 € 11 866,97 € 39 0 
227 S N L S L 7 1.487,16 € 8 627,94 € 31 0 
228 S N L S L 8 2.033,80 € 10 931,55 € 42 0 
229 S N L S L 9 2.344,34 € 11 1.073,15 € 46 0 
230 S N L S S 0 1.080,69 € 6 474,12 € 31 0 
231 S N L S S 1 1.671,37 € 7 670,04 € 50 0 
232 S N L S S 2 1.374,36 € 8 589,03 € 42 0 
233 S N L S S 3 1.922,56 € 8 837,18 € 51 0 
234 S N L S S 4 1.430,68 € 7 619,70 € 44 0 
235 S N L S S 5 2.286,22 € 10 1.075,43 € 66 0 
236 S N L S S 6 2.001,71 € 8 740,58 € 61 0 
237 S N L S S 7 901,26 € 5 421,15 € 29 0 
238 S N L S S 8 1.504,19 € 8 666,73 € 49 0 
239 S N L S S 9 1.952,02 € 10 892,07 € 54 0 
240 S Y H L L 0 3.690,12 € 16 3.283,25 € 17 3 
241 S Y H L L 1 5.560,75 € 22 5.560,75 € 22 1 
242 S Y H L L 2 5.782,31 € 20 5.688,73 € 21 3 
243 S Y H L L 3 4.153,53 € 14 3.571,98 € 23 2 
244 S Y H L L 4 4.811,31 € 16 4.347,06 € 24 6 
245 S Y H L L 5 5.890,29 € 23 5.106,60 € 30 4 
246 S Y H L L 6 5.673,08 € 21 5.017,26 € 30 6 
247 S Y H L L 7 5.229,23 € 18 5.065,63 € 26 6 
248 S Y H L L 8 5.458,05 € 20 5.184,07 € 26 3 
249 S Y H L L 9 5.001,35 € 23 4.987,66 € 24 2 
250 S Y H L S 0 2.973,52 € 10 2.973,52 € 10 1 
251 S Y H L S 1 3.591,75 € 13 3.591,75 € 13 1 
252 S Y H L S 2 3.490,83 € 13 3.490,83 € 13 1 
253 S Y H L S 3 2.499,48 € 10 2.411,29 € 15 0 
254 S Y H L S 4 3.329,41 € 11 3.325,53 € 12 2 
255 S Y H L S 5 3.505,65 € 13 3.429,45 € 18 0 
256 S Y H L S 6 3.166,50 € 12 3.166,50 € 12 1 
257 S Y H L S 7 3.528,61 € 12 3.528,61 € 12 1 
258 S Y H L S 8 2.946,66 € 11 2.946,66 € 11 1 
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259 S Y H L S 9 2.800,70 € 11 2.646,75 € 18 0 
260 S Y H S L 0 2.971,81 € 13 2.755,42 € 20 7 
261 S Y H S L 1 1.517,07 € 7 1.600,81 € 9 0 
262 S Y H S L 2 3.244,68 € 13 2.948,10 € 14 4 
263 S Y H S L 3 2.476,71 € 9 2.272,66 € 9 2 
264 S Y H S L 4 2.745,15 € 11 2.537,36 € 14 2 
265 S Y H S L 5 2.997,17 € 11 2.584,26 € 18 0 
266 S Y H S L 6 1.842,15 € 10 1.645,92 € 13 2 
267 S Y H S L 7 1.658,56 € 8 1.266,86 € 14 4 
268 S Y H S L 8 2.155,67 € 11 2.110,44 € 10 4 
269 S Y H S L 9 2.700,21 € 11 2.545,49 € 12 2 
270 S Y H S S 0 1.212,04 € 5 1.202,14 € 6 0 
271 S Y H S S 1 1.811,25 € 6 1.650,41 € 9 0 
272 S Y H S S 2 1.473,81 € 7 1.471,90 € 9 0 
273 S Y H S S 3 1.954,10 € 7 1.954,10 € 7 1 
274 S Y H S S 4 1.526,40 € 8 1.547,23 € 9 0 
275 S Y H S S 5 2.440,19 € 9 2.440,19 € 9 1 
276 S Y H S S 6 2.118,71 € 8 1.868,69 € 13 3 
277 S Y H S S 7 956,73 € 6 1.029,98 € 6 1 
278 S Y H S S 8 1.585,51 € 6 1.585,51 € 6 1 
279 S Y H S S 9 2.134,78 € 8 2.070,55 € 12 2 
280 S Y L L L 0 3.473,08 € 16 3.033,51 € 17 3 
281 S Y L L L 1 5.247,81 € 22 5.247,81 € 22 1 
282 S Y L L L 2 5.509,57 € 20 5.400,08 € 21 3 
283 S Y L L L 3 3.907,28 € 16 3.228,12 € 23 2 
284 S Y L L L 4 4.603,23 € 16 4.121,44 € 23 6 
285 S Y L L L 5 5.845,32 € 23 4.647,30 € 30 4 
286 S Y L L L 6 5.398,76 € 21 4.675,15 € 30 7 
287 S Y L L L 7 4.963,93 € 18 4.779,22 € 23 3 
288 S Y L L L 8 5.208,57 € 20 4.698,09 € 26 5 
289 S Y L L L 9 4.660,15 € 23 4.630,11 € 24 2 
290 S Y L L S 0 2.955,75 € 11 2.747,86 € 17 1 
291 S Y L L S 1 3.462,78 € 13 3.337,15 € 17 2 
292 S Y L L S 2 3.226,88 € 14 3.227,13 € 21 0 
293 S Y L L S 3 2.337,34 € 10 2.185,51 € 13 0 
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294 S Y L L S 4 3.203,51 € 11 3.129,88 € 21 0 
295 S Y L L S 5 3.290,96 € 13 3.060,36 € 23 0 
296 S Y L L S 6 3.038,59 € 12 2.867,45 € 16 2 
297 S Y L L S 7 3.331,11 € 12 3.319,38 € 17 0 
298 S Y L L S 8 2.770,12 € 11 2.727,74 € 13 0 
299 S Y L L S 9 2.662,56 € 9 2.504,03 € 14 0 
300 S Y L S L 0 2.807,68 € 13 2.475,48 € 20 7 
301 S Y L S L 1 1.415,80 € 7 1.479,49 € 9 0 
302 S Y L S L 2 3.070,11 € 13 2.746,97 € 14 4 
303 S Y L S L 3 2.360,43 € 9 2.045,96 € 12 0 
304 S Y L S L 4 2.419,33 € 11 2.232,54 € 16 6 
305 S Y L S L 5 2.845,18 € 11 2.320,45 € 18 0 
306 S Y L S L 6 1.700,59 € 10 1.440,69 € 15 3 
307 S Y L S L 7 1.558,44 € 8 1.102,56 € 15 5 
308 S Y L S L 8 2.010,62 € 11 1.948,34 € 12 6 
309 S Y L S L 9 2.559,45 € 11 2.378,16 € 12 2 
310 S Y L S S 0 1.091,99 € 5 1.006,94 € 9 2 
311 S Y L S S 1 1.717,44 € 6 1.643,22 € 7 0 
312 S Y L S S 2 1.364,01 € 7 1.364,01 € 7 1 
313 S Y L S S 3 1.848,76 € 7 1.839,42 € 9 0 
314 S Y L S S 4 1.446,56 € 7 1.444,25 € 7 0 
315 S Y L S S 5 2.281,15 € 9 2.202,41 € 13 0 
316 S Y L S S 6 2.001,71 € 8 1.698,24 € 14 5 
317 S Y L S S 7 901,26 € 5 819,81 € 7 2 
318 S Y L S S 8 1.543,82 € 6 1.406,29 € 8 0 
319 S Y L S S 9 2.030,51 € 9 1.804,44 € 15 7 
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Annexe D: Full results Improvement Initial Solution and Improvement Nested Routes 
Data Improvement 1 Improvement 2 
File vcap ccap hc nr area num Total cost N routes Total cost N routes 
0 L N H L L 0 2.369,93 € 16 2.353,20 € 17 
1 L N H L L 1 3.636,08 € 20 3.519,49 € 21 
2 L N H L L 2 3.658,65 € 18 3.550,01 € 19 
3 L N H L L 3 2.450,84 € 15 2.331,04 € 15 
4 L N H L L 4 2.781,93 € 17 2.666,39 € 17 
5 L N H L L 5 3.566,54 € 22 3.558,16 € 21 
6 L N H L L 6 3.457,67 € 19 3.481,46 € 19 
7 L N H L L 7 3.398,56 € 18 3.366,05 € 19 
8 L N H L L 8 3.201,90 € 19 3.079,36 € 20 
9 L N H L L 9 3.422,41 € 24 3.321,02 € 23 
10 L N H L S 0 2.167,35 € 9 2.199,04 € 9 
11 L N H L S 1 3.059,01 € 11 2.823,00 € 12 
12 L N H L S 2 3.328,48 € 10 3.328,48 € 10 
13 L N H L S 3 2.002,18 € 7 1.930,55 € 8 
14 L N H L S 4 2.540,44 € 10 2.545,40 € 10 
15 L N H L S 5 2.815,95 € 10 2.843,90 € 10 
16 L N H L S 6 2.770,81 € 9 2.298,88 € 12 
17 L N H L S 7 2.932,61 € 10 2.804,57 € 11 
18 L N H L S 8 2.655,69 € 8 2.468,56 € 9 
19 L N H L S 9 2.475,30 € 8 2.344,99 € 9 
20 L N H S L 0 1.776,04 € 14 1.779,69 € 14 
21 L N H S L 1 1.037,17 € 8 958,84 € 8 
22 L N H S L 2 1.904,12 € 14 1.870,70 € 13 
23 L N H S L 3 1.329,30 € 9 1.329,30 € 9 
24 L N H S L 4 1.589,46 € 10 1.598,96 € 10 
25 L N H S L 5 1.772,49 € 11 1.735,03 € 12 
26 L N H S L 6 1.206,01 € 10 1.136,44 € 10 
27 L N H S L 7 920,56 € 7 903,19 € 7 
28 L N H S L 8 1.286,18 € 10 1.242,33 € 11 
29 L N H S L 9 1.559,01 € 10 1.539,71 € 11 
30 L N H S S 0 783,97 € 5 764,18 € 5 
31 L N H S S 1 1.336,62 € 6 1.315,71 € 6 
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32 L N H S S 2 1.108,02 € 7 1.108,02 € 7 
33 L N H S S 3 1.455,18 € 6 1.328,37 € 6 
34 L N H S S 4 1.304,57 € 5 1.048,16 € 7 
35 L N H S S 5 1.981,04 € 8 1.981,04 € 8 
36 L N H S S 6 1.682,94 € 6 1.437,12 € 7 
37 L N H S S 7 790,96 € 4 657,79 € 5 
38 L N H S S 8 1.401,64 € 5 1.286,32 € 5 
39 L N H S S 9 1.466,01 € 8 1.466,01 € 8 
40 L N L L L 0 1.151,20 € 86 1.151,20 € 86 
41 L N L L L 1 1.880,45 € 119 1.880,45 € 119 
42 L N L L L 2 1.779,61 € 115 1.779,61 € 115 
43 L N L L L 3 1.155,48 € 83 1.155,48 € 83 
44 L N L L L 4 1.454,45 € 93 1.454,45 € 93 
45 L N L L L 5 1.784,16 € 118 1.784,16 € 118 
46 L N L L L 6 1.712,10 € 115 1.712,10 € 115 
47 L N L L L 7 1.630,36 € 107 1.630,36 € 107 
48 L N L L L 8 1.611,11 € 111 1.611,11 € 111 
49 L N L L L 9 1.730,60 € 102 1.730,60 € 102 
50 L N L L S 0 991,59 € 82 991,59 € 82 
51 L N L L S 1 1.215,50 € 109 1.215,50 € 109 
52 L N L L S 2 1.246,81 € 116 1.246,81 € 116 
53 L N L L S 3 802,72 € 80 802,72 € 80 
54 L N L L S 4 1.075,26 € 92 1.075,26 € 92 
55 L N L L S 5 1.168,51 € 118 1.168,51 € 118 
56 L N L L S 6 1.039,63 € 97 1.039,63 € 97 
57 L N L L S 7 1.231,47 € 107 1.231,47 € 107 
58 L N L L S 8 1.000,71 € 84 1.000,71 € 84 
59 L N L L S 9 924,38 € 85 924,38 € 85 
60 L N L S L 0 846,13 € 56 846,13 € 56 
61 L N L S L 1 486,91 € 32 486,91 € 32 
62 L N L S L 2 969,94 € 61 969,94 € 61 
63 L N L S L 3 598,19 € 37 598,19 € 37 
64 L N L S L 4 829,05 € 46 829,05 € 46 
65 L N L S L 5 875,80 € 50 875,80 € 50 
66 L N L S L 6 598,10 € 38 598,10 € 38 
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67 L N L S L 7 442,55 € 30 442,55 € 30 
68 L N L S L 8 652,38 € 42 652,38 € 42 
69 L N L S L 9 731,77 € 46 731,77 € 46 
70 L N L S S 0 343,86 € 30 343,86 € 30 
71 L N L S S 1 514,55 € 50 514,55 € 50 
72 L N L S S 2 446,54 € 42 446,54 € 42 
73 L N L S S 3 608,87 € 51 608,87 € 51 
74 L N L S S 4 468,33 € 44 468,33 € 44 
75 L N L S S 5 787,63 € 66 787,63 € 66 
76 L N L S S 6 585,34 € 61 585,34 € 61 
77 L N L S S 7 317,52 € 29 317,52 € 29 
78 L N L S S 8 510,56 € 49 510,56 € 49 
79 L N L S S 9 650,94 € 54 650,94 € 54 
80 L Y H L L 0 2.938,41 € 16 2.977,75 € 16 
81 L Y H L L 1 4.234,64 € 20 4.133,94 € 21 
82 L Y H L L 2 4.140,01 € 18 4.059,44 € 19 
83 L Y H L L 3 2.914,65 € 15 2.903,69 € 15 
84 L Y H L L 4 3.531,86 € 17 3.451,65 € 17 
85 L Y H L L 5 4.215,29 € 22 4.222,86 € 21 
86 L Y H L L 6 3.976,09 € 19 4.048,15 € 19 
87 L Y H L L 7 3.923,77 € 18 3.872,22 € 19 
88 L Y H L L 8 3.928,01 € 19 3.692,53 € 20 
89 L Y H L L 9 4.297,83 € 22 3.943,02 € 23 
90 L Y H L S 0 2.167,35 € 9 2.252,85 € 9 
91 L Y H L S 1 3.148,56 € 11 2.902,67 € 12 
92 L Y H L S 2 3.328,48 € 10 3.328,48 € 10 
93 L Y H L S 3 2.002,18 € 7 1.906,68 € 8 
94 L Y H L S 4 2.600,21 € 10 2.617,86 € 10 
95 L Y H L S 5 2.815,95 € 10 2.843,90 € 10 
96 L Y H L S 6 2.770,81 € 9 2.345,06 € 12 
97 L Y H L S 7 2.932,61 € 10 2.850,16 € 11 
98 L Y H L S 8 2.655,69 € 8 2.486,11 € 9 
99 L Y H L S 9 2.475,30 € 8 2.363,09 € 10 
100 L Y H S L 0 2.326,06 € 13 2.285,64 € 13 
101 L Y H S L 1 1.420,75 € 8 1.298,23 € 8 
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102 L Y H S L 2 2.427,78 € 13 2.385,04 € 13 
103 L Y H S L 3 1.689,94 € 9 1.689,94 € 9 
104 L Y H S L 4 2.020,72 € 10 1.964,98 € 10 
105 L Y H S L 5 2.089,19 € 11 2.008,70 € 14 
106 L Y H S L 6 1.454,15 € 10 1.342,78 € 10 
107 L Y H S L 7 1.189,41 € 7 1.189,41 € 7 
108 L Y H S L 8 1.850,43 € 10 1.850,43 € 10 
109 L Y H S L 9 1.895,31 € 10 1.908,75 € 11 
110 L Y H S S 0 857,81 € 5 857,81 € 5 
111 L Y H S S 1 1.380,12 € 6 1.301,50 € 7 
112 L Y H S S 2 1.115,73 € 7 1.115,73 € 7 
113 L Y H S S 3 1.545,25 € 6 1.408,02 € 6 
114 L Y H S S 4 1.304,57 € 5 1.065,46 € 7 
115 L Y H S S 5 2.009,77 € 8 2.009,77 € 8 
116 L Y H S S 6 1.738,41 € 6 1.480,47 € 7 
117 L Y H S S 7 853,72 € 4 741,76 € 5 
118 L Y H S S 8 1.414,09 € 5 1.301,34 € 5 
119 L Y H S S 9 1.575,28 € 8 1.575,28 € 8 
120 L Y L L L 0 2.598,50 € 16 2.626,17 € 16 
121 L Y L L L 1 3.679,93 € 24 3.596,80 € 25 
122 L Y L L L 2 3.608,92 € 21 3.600,38 € 22 
123 L Y L L L 3 2.559,26 € 15 2.541,93 € 15 
124 L Y L L L 4 3.006,77 € 17 3.013,23 € 17 
125 L Y L L L 5 3.706,32 € 22 3.738,37 € 21 
126 L Y L L L 6 3.516,88 € 19 3.604,20 € 19 
127 L Y L L L 7 3.494,57 € 19 3.377,42 € 20 
128 L Y L L L 8 3.364,15 € 20 3.258,60 € 21 
129 L Y L L L 9 3.444,29 € 24 3.362,48 € 23 
130 L Y L L S 0 1.894,54 € 9 1.979,71 € 9 
131 L Y L L S 1 2.888,57 € 11 2.597,39 € 12 
132 L Y L L S 2 2.922,44 € 14 2.785,96 € 17 
133 L Y L L S 3 1.776,84 € 10 1.500,43 € 11 
134 L Y L L S 4 2.344,18 € 10 2.338,43 € 11 
135 L Y L L S 5 2.523,05 € 10 2.547,84 € 10 
136 L Y L L S 6 2.549,26 € 9 1.994,20 € 12 
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137 L Y L L S 7 2.663,54 € 10 2.516,34 € 12 
138 L Y L L S 8 2.447,40 € 8 2.248,29 € 9 
139 L Y L L S 9 2.276,39 € 9 2.072,81 € 11 
140 L Y L S L 0 2.032,63 € 14 1.934,28 € 15 
141 L Y L S L 1 1.281,57 € 8 1.121,97 € 8 
142 L Y L S L 2 2.119,18 € 14 2.032,93 € 15 
143 L Y L S L 3 1.482,00 € 9 1.482,00 € 9 
144 L Y L S L 4 1.785,14 € 10 1.723,31 € 10 
145 L Y L S L 5 1.813,51 € 11 1.644,53 € 14 
146 L Y L S L 6 1.215,04 € 10 1.082,13 € 10 
147 L Y L S L 7 1.041,59 € 7 1.041,59 € 7 
148 L Y L S L 8 1.665,90 € 10 1.665,90 € 10 
149 L Y L S L 9 1.666,35 € 10 1.667,40 € 11 
150 L Y L S S 0 727,35 € 5 727,35 € 5 
151 L Y L S S 1 1.221,00 € 6 1.104,36 € 7 
152 L Y L S S 2 950,93 € 7 950,93 € 7 
153 L Y L S S 3 1.388,80 € 6 1.225,72 € 6 
154 L Y L S S 4 932,97 € 6 932,97 € 6 
155 L Y L S S 5 1.779,66 € 8 1.779,66 € 8 
156 L Y L S S 6 1.595,56 € 6 1.276,24 € 7 
157 L Y L S S 7 746,50 € 5 593,92 € 6 
158 L Y L S S 8 1.288,31 € 5 1.157,12 € 5 
159 L Y L S S 9 1.366,00 € 11 1.366,00 € 11 
160 S N H L L 0 3.288,52 € 43 3.136,29 € 43 
161 S N H L L 1 4.795,49 € 67 4.834,84 € 67 
162 S N H L L 2 4.553,42 € 66 4.455,24 € 69 
163 S N H L L 3 2.819,70 € 44 2.819,70 € 44 
164 S N H L L 4 3.702,28 € 93 3.702,28 € 93 
165 S N H L L 5 4.304,23 € 66 4.231,02 € 67 
166 S N H L L 6 4.404,91 € 63 4.353,37 € 63 
167 S N H L L 7 4.074,73 € 61 4.010,30 € 65 
168 S N H L L 8 4.235,55 € 59 4.075,66 € 59 
169 S N H L L 9 4.307,92 € 103 4.307,92 € 103 
170 S N H L S 0 2.968,03 € 39 2.867,43 € 41 
171 S N H L S 1 3.580,52 € 14 3.586,66 € 13 
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172 S N H L S 2 3.451,16 € 13 3.487,89 € 13 
173 S N H L S 3 2.504,26 € 9 2.542,28 € 9 
174 S N H L S 4 3.148,35 € 41 3.083,93 € 46 
175 S N H L S 5 3.411,14 € 37 3.335,47 € 39 
176 S N H L S 6 2.988,32 € 35 2.988,32 € 35 
177 S N H L S 7 3.500,56 € 12 3.523,98 € 12 
178 S N H L S 8 2.774,29 € 42 2.774,29 € 42 
179 S N H L S 9 2.529,20 € 36 2.432,83 € 37 
180 S N H S L 0 2.274,91 € 31 2.209,23 € 33 
181 S N H S L 1 1.346,44 € 18 1.212,55 € 20 
182 S N H S L 2 2.456,66 € 61 2.456,66 € 61 
183 S N H S L 3 1.503,58 € 37 1.503,58 € 37 
184 S N H S L 4 2.028,97 € 46 2.028,97 € 46 
185 S N H S L 5 2.148,49 € 50 2.148,49 € 50 
186 S N H S L 6 1.519,76 € 38 1.519,76 € 38 
187 S N H S L 7 1.042,94 € 17 1.038,61 € 19 
188 S N H S L 8 1.653,90 € 42 1.653,90 € 42 
189 S N H S L 9 1.853,10 € 46 1.853,10 € 46 
190 S N H S S 0 1.167,67 € 5 1.203,23 € 5 
191 S N H S S 1 1.516,14 € 20 1.493,57 € 22 
192 S N H S S 2 1.271,28 € 16 1.271,28 € 16 
193 S N H S S 3 1.645,15 € 25 1.603,83 € 25 
194 S N H S S 4 1.529,95 € 18 1.342,71 € 20 
195 S N H S S 5 2.375,40 € 29 2.251,65 € 33 
196 S N H S S 6 1.636,69 € 19 1.636,69 € 19 
197 S N H S S 7 928,58 € 14 928,58 € 14 
198 S N H S S 8 1.509,94 € 19 1.509,94 € 19 
199 S N H S S 9 1.987,43 € 23 1.861,52 € 26 
200 S N L L L 0 1.612,13 € 85 1.612,13 € 85 
201 S N L L L 1 2.730,83 € 119 2.730,83 € 119 
202 S N L L L 2 2.572,04 € 116 2.572,04 € 116 
203 S N L L L 3 1.626,37 € 83 1.626,37 € 83 
204 S N L L L 4 2.102,77 € 93 2.102,77 € 93 
205 S N L L L 5 2.563,86 € 117 2.563,86 € 117 
206 S N L L L 6 2.447,07 € 115 2.447,07 € 115 
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207 S N L L L 7 2.361,58 € 107 2.361,58 € 107 
208 S N L L L 8 2.302,82 € 111 2.302,82 € 111 
209 S N L L L 9 2.538,46 € 102 2.538,46 € 102 
210 S N L L S 0 1.361,00 € 82 1.361,00 € 82 
211 S N L L S 1 1.622,81 € 109 1.622,81 € 109 
212 S N L L S 2 1.650,60 € 116 1.650,60 € 116 
213 S N L L S 3 1.037,31 € 80 1.037,31 € 80 
214 S N L L S 4 1.452,05 € 92 1.452,05 € 92 
215 S N L L S 5 1.507,86 € 118 1.507,86 € 118 
216 S N L L S 6 1.373,44 € 97 1.373,44 € 97 
217 S N L L S 7 1.667,30 € 107 1.667,30 € 107 
218 S N L L S 8 1.366,64 € 84 1.366,64 € 84 
219 S N L L S 9 1.222,73 € 85 1.222,73 € 85 
220 S N L S L 0 1.218,44 € 56 1.218,44 € 56 
221 S N L S L 1 705,38 € 32 705,38 € 32 
222 S N L S L 2 1.407,82 € 61 1.407,82 € 61 
223 S N L S L 3 869,07 € 38 869,07 € 38 
224 S N L S L 4 1.236,81 € 46 1.236,81 € 46 
225 S N L S L 5 1.300,20 € 51 1.300,20 € 51 
226 S N L S L 6 866,97 € 39 866,97 € 39 
227 S N L S L 7 627,94 € 31 627,94 € 31 
228 S N L S L 8 931,55 € 42 931,55 € 42 
229 S N L S L 9 1.073,15 € 46 1.073,15 € 46 
230 S N L S S 0 474,12 € 31 474,12 € 31 
231 S N L S S 1 670,04 € 50 670,04 € 50 
232 S N L S S 2 589,03 € 42 589,03 € 42 
233 S N L S S 3 837,18 € 51 837,18 € 51 
234 S N L S S 4 619,70 € 44 619,70 € 44 
235 S N L S S 5 1.075,43 € 66 1.075,43 € 66 
236 S N L S S 6 740,58 € 61 740,58 € 61 
237 S N L S S 7 421,15 € 29 421,15 € 29 
238 S N L S S 8 666,73 € 49 666,73 € 49 
239 S N L S S 9 892,07 € 54 892,07 € 54 
240 S Y H L L 0 3.667,39 € 16 3.272,86 € 17 
241 S Y H L L 1 5.565,71 € 21 5.552,41 € 22 
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242 S Y H L L 2 5.640,30 € 20 5.603,25 € 21 
243 S Y H L L 3 3.673,58 € 22 3.546,19 € 23 
244 S Y H L L 4 4.393,87 € 22 4.340,64 € 24 
245 S Y H L L 5 5.190,40 € 30 5.046,51 € 30 
246 S Y H L L 6 5.520,49 € 27 5.011,60 € 30 
247 S Y H L L 7 4.951,26 € 24 5.050,38 € 26 
248 S Y H L L 8 5.391,08 € 26 5.177,43 € 26 
249 S Y H L L 9 5.013,48 € 24 4.948,41 € 24 
250 S Y H L S 0 3.013,57 € 10 2.971,86 € 10 
251 S Y H L S 1 3.580,52 € 14 3.586,66 € 13 
252 S Y H L S 2 3.451,16 € 13 3.487,89 € 13 
253 S Y H L S 3 2.411,26 € 15 2.411,26 € 15 
254 S Y H L S 4 3.300,46 € 11 3.317,79 € 12 
255 S Y H L S 5 3.427,80 € 18 3.427,80 € 18 
256 S Y H L S 6 3.144,25 € 12 3.164,44 € 12 
257 S Y H L S 7 3.500,56 € 12 3.523,98 € 12 
258 S Y H L S 8 2.910,58 € 10 2.946,64 € 11 
259 S Y H L S 9 2.638,36 € 18 2.638,36 € 18 
260 S Y H S L 0 2.831,35 € 14 2.752,29 € 20 
261 S Y H S L 1 1.600,53 € 9 1.489,03 € 7 
262 S Y H S L 2 3.192,50 € 13 2.933,72 € 14 
263 S Y H S L 3 2.316,42 € 9 2.150,51 € 9 
264 S Y H S L 4 2.675,89 € 13 2.523,48 € 14 
265 S Y H S L 5 2.973,82 € 11 2.584,23 € 18 
266 S Y H S L 6 1.968,69 € 13 1.644,00 € 13 
267 S Y H S L 7 1.403,10 € 11 1.255,77 € 14 
268 S Y H S L 8 2.143,21 € 10 2.099,10 € 10 
269 S Y H S L 9 2.581,20 € 10 2.545,49 € 12 
270 S Y H S S 0 1.167,67 € 5 1.201,50 € 6 
271 S Y H S S 1 1.650,41 € 9 1.650,41 € 9 
272 S Y H S S 2 1.404,68 € 7 1.471,90 € 9 
273 S Y H S S 3 1.938,32 € 7 1.954,10 € 7 
274 S Y H S S 4 1.545,39 € 9 1.526,40 € 8 
275 S Y H S S 5 2.413,22 € 9 2.437,75 € 9 
276 S Y H S S 6 1.990,98 € 12 1.864,36 € 13 
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277 S Y H S S 7 1.036,97 € 6 955,98 € 6 
278 S Y H S S 8 1.574,78 € 7 1.583,01 € 6 
279 S Y H S S 9 2.163,82 € 12 2.065,33 € 12 
280 S Y L L L 0 3.452,61 € 16 3.023,13 € 17 
281 S Y L L L 1 5.268,49 € 21 5.239,46 € 22 
282 S Y L L L 2 5.361,30 € 20 5.314,96 € 21 
283 S Y L L L 3 3.295,88 € 23 3.202,33 € 23 
284 S Y L L L 4 4.082,93 € 21 4.110,02 € 23 
285 S Y L L L 5 4.769,87 € 30 4.587,21 € 30 
286 S Y L L L 6 5.292,11 € 27 4.666,97 € 30 
287 S Y L L L 7 4.600,05 € 23 4.761,81 € 23 
288 S Y L L L 8 5.158,43 € 25 4.693,15 € 26 
289 S Y L L L 9 4.675,15 € 24 4.590,86 € 24 
290 S Y L L S 0 2.804,33 € 17 2.746,13 € 17 
291 S Y L L S 1 3.306,30 € 18 3.331,85 € 17 
292 S Y L L S 2 3.227,13 € 21 3.224,70 € 14 
293 S Y L L S 3 2.183,72 € 13 2.183,72 € 13 
294 S Y L L S 4 3.122,18 € 21 3.122,18 € 21 
295 S Y L L S 5 3.057,72 € 23 3.057,72 € 23 
296 S Y L L S 6 2.950,98 € 16 2.865,86 € 16 
297 S Y L L S 7 3.303,06 € 12 3.314,75 € 17 
298 S Y L L S 8 2.722,13 € 13 2.722,13 € 13 
299 S Y L L S 9 2.495,63 € 14 2.495,63 € 14 
300 S Y L S L 0 2.642,86 € 14 2.472,35 € 20 
301 S Y L S L 1 1.479,21 € 9 1.387,76 € 7 
302 S Y L S L 2 3.028,63 € 13 2.732,59 € 14 
303 S Y L S L 3 1.951,91 € 12 1.951,91 € 12 
304 S Y L S L 4 2.583,95 € 10 2.225,96 € 16 
305 S Y L S L 5 2.824,49 € 11 2.320,42 € 18 
306 S Y L S L 6 1.797,33 € 13 1.438,77 € 15 
307 S Y L S L 7 1.300,37 € 9 1.095,84 € 15 
308 S Y L S L 8 2.013,11 € 10 1.943,88 € 12 
309 S Y L S L 9 2.449,01 € 10 2.378,16 € 12 
310 S Y L S S 0 1.053,19 € 7 984,13 € 9 
311 S Y L S S 1 1.643,22 € 7 1.643,22 € 7 
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312 S Y L S S 2 1.293,73 € 7 1.361,17 € 7 
313 S Y L S S 3 1.832,99 € 7 1.839,42 € 9 
314 S Y L S S 4 1.444,25 € 7 1.444,25 € 7 
315 S Y L S S 5 2.202,41 € 13 2.202,41 € 13 
316 S Y L S S 6 1.913,64 € 11 1.693,57 € 14 
317 S Y L S S 7 1.004,78 € 6 819,81 € 7 
318 S Y L S S 8 1.403,78 € 8 1.403,78 € 8 
319 S Y L S S 9 1.941,81 € 10 1.804,44 € 15 
 
Annexe E: Full results Best Total Cost 
Data 
Best total cost 
File vcap ccap hc nr area num 
0 L N H L L 0 2.353,20 € 
1 L N H L L 1 3.519,49 € 
2 L N H L L 2 3.550,01 € 
3 L N H L L 3 2.331,04 € 
4 L N H L L 4 2.666,39 € 
5 L N H L L 5 3.558,16 € 
6 L N H L L 6 3.457,67 € 
7 L N H L L 7 3.366,05 € 
8 L N H L L 8 3.079,36 € 
9 L N H L L 9 3.321,02 € 
10 L N H L S 0 2.167,35 € 
11 L N H L S 1 2.823,00 € 
12 L N H L S 2 3.328,48 € 
13 L N H L S 3 1.930,55 € 
14 L N H L S 4 2.540,44 € 
15 L N H L S 5 2.815,95 € 
16 L N H L S 6 2.298,88 € 
17 L N H L S 7 2.804,57 € 
18 L N H L S 8 2.468,56 € 
19 L N H L S 9 2.344,99 € 
20 L N H S L 0 1.776,04 € 
21 L N H S L 1 958,84 € 
22 L N H S L 2 1.870,70 € 
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23 L N H S L 3 1.329,30 € 
24 L N H S L 4 1.589,46 € 
25 L N H S L 5 1.735,03 € 
26 L N H S L 6 1.136,44 € 
27 L N H S L 7 903,19 € 
28 L N H S L 8 1.242,33 € 
29 L N H S L 9 1.539,71 € 
30 L N H S S 0 764,18 € 
31 L N H S S 1 1.315,71 € 
32 L N H S S 2 1.108,02 € 
33 L N H S S 3 1.328,37 € 
34 L N H S S 4 1.048,16 € 
35 L N H S S 5 1.981,04 € 
36 L N H S S 6 1.437,12 € 
37 L N H S S 7 657,79 € 
38 L N H S S 8 1.286,32 € 
39 L N H S S 9 1.466,01 € 
40 L N L L L 0 1.134,50 € 
41 L N L L L 1 1.869,57 € 
42 L N L L L 2 1.767,31 € 
43 L N L L L 3 1.140,28 € 
44 L N L L L 4 1.445,74 € 
45 L N L L L 5 1.766,51 € 
46 L N L L L 6 1.697,83 € 
47 L N L L L 7 1.613,95 € 
48 L N L L L 8 1.594,75 € 
49 L N L L L 9 1.715,99 € 
50 L N L L S 0 976,96 € 
51 L N L L S 1 1.199,27 € 
52 L N L L S 2 1.217,53 € 
53 L N L L S 3 778,13 € 
54 L N L L S 4 1.059,52 € 
55 L N L L S 5 1.142,66 € 
56 L N L L S 6 1.020,84 € 
57 L N L L S 7 1.212,82 € 
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58 L N L L S 8 982,60 € 
59 L N L L S 9 901,15 € 
60 L N L S L 0 840,70 € 
61 L N L S L 1 479,44 € 
62 L N L S L 2 954,62 € 
63 L N L S L 3 596,53 € 
64 L N L S L 4 827,26 € 
65 L N L S L 5 875,64 € 
66 L N L S L 6 597,62 € 
67 L N L S L 7 442,55 € 
68 L N L S L 8 643,36 € 
69 L N L S L 9 729,51 € 
70 L N L S S 0 343,32 € 
71 L N L S S 1 502,56 € 
72 L N L S S 2 436,99 € 
73 L N L S S 3 600,60 € 
74 L N L S S 4 457,82 € 
75 L N L S S 5 776,67 € 
76 L N L S S 6 570,26 € 
77 L N L S S 7 310,56 € 
78 L N L S S 8 500,30 € 
79 L N L S S 9 642,26 € 
80 L Y H L L 0 2.938,41 € 
81 L Y H L L 1 4.133,94 € 
82 L Y H L L 2 4.059,44 € 
83 L Y H L L 3 2.903,69 € 
84 L Y H L L 4 3.451,65 € 
85 L Y H L L 5 4.215,29 € 
86 L Y H L L 6 3.976,09 € 
87 L Y H L L 7 3.872,22 € 
88 L Y H L L 8 3.692,53 € 
89 L Y H L L 9 3.943,02 € 
90 L Y H L S 0 2.167,35 € 
91 L Y H L S 1 2.902,67 € 
92 L Y H L S 2 3.328,48 € 
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93 L Y H L S 3 1.906,68 € 
94 L Y H L S 4 2.600,21 € 
95 L Y H L S 5 2.815,95 € 
96 L Y H L S 6 2.345,06 € 
97 L Y H L S 7 2.850,16 € 
98 L Y H L S 8 2.486,11 € 
99 L Y H L S 9 2.363,09 € 
100 L Y H S L 0 2.285,64 € 
101 L Y H S L 1 1.298,23 € 
102 L Y H S L 2 2.385,04 € 
103 L Y H S L 3 1.689,94 € 
104 L Y H S L 4 1.964,98 € 
105 L Y H S L 5 2.008,70 € 
106 L Y H S L 6 1.342,78 € 
107 L Y H S L 7 1.189,41 € 
108 L Y H S L 8 1.850,43 € 
109 L Y H S L 9 1.895,31 € 
110 L Y H S S 0 857,81 € 
111 L Y H S S 1 1.301,50 € 
112 L Y H S S 2 1.115,73 € 
113 L Y H S S 3 1.408,02 € 
114 L Y H S S 4 1.065,46 € 
115 L Y H S S 5 2.009,77 € 
116 L Y H S S 6 1.480,47 € 
117 L Y H S S 7 741,76 € 
118 L Y H S S 8 1.301,34 € 
119 L Y H S S 9 1.575,28 € 
120 L Y L L L 0 2.598,50 € 
121 L Y L L L 1 3.596,80 € 
122 L Y L L L 2 3.600,38 € 
123 L Y L L L 3 2.541,93 € 
124 L Y L L L 4 3.006,77 € 
125 L Y L L L 5 3.706,32 € 
126 L Y L L L 6 3.516,88 € 
127 L Y L L L 7 3.377,42 € 
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128 L Y L L L 8 3.258,60 € 
129 L Y L L L 9 3.362,48 € 
130 L Y L L S 0 1.894,54 € 
131 L Y L L S 1 2.597,39 € 
132 L Y L L S 2 2.785,96 € 
133 L Y L L S 3 1.500,43 € 
134 L Y L L S 4 2.338,43 € 
135 L Y L L S 5 2.523,05 € 
136 L Y L L S 6 1.994,20 € 
137 L Y L L S 7 2.516,34 € 
138 L Y L L S 8 2.248,29 € 
139 L Y L L S 9 2.072,81 € 
140 L Y L S L 0 1.934,28 € 
141 L Y L S L 1 1.121,97 € 
142 L Y L S L 2 2.032,93 € 
143 L Y L S L 3 1.482,00 € 
144 L Y L S L 4 1.723,31 € 
145 L Y L S L 5 1.644,53 € 
146 L Y L S L 6 1.082,13 € 
147 L Y L S L 7 1.041,59 € 
148 L Y L S L 8 1.665,90 € 
149 L Y L S L 9 1.666,35 € 
150 L Y L S S 0 727,35 € 
151 L Y L S S 1 1.104,36 € 
152 L Y L S S 2 950,93 € 
153 L Y L S S 3 1.225,72 € 
154 L Y L S S 4 932,97 € 
155 L Y L S S 5 1.779,66 € 
156 L Y L S S 6 1.276,24 € 
157 L Y L S S 7 593,92 € 
158 L Y L S S 8 1.157,12 € 
159 L Y L S S 9 1.366,00 € 
160 S N H L L 0 2.885,26 € 
161 S N H L L 1 4.545,17 € 
162 S N H L L 2 4.343,56 € 
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163 S N H L L 3 2.819,70 € 
164 S N H L L 4 3.527,02 € 
165 S N H L L 5 4.231,02 € 
166 S N H L L 6 4.195,42 € 
167 S N H L L 7 3.975,96 € 
168 S N H L L 8 3.974,20 € 
169 S N H L L 9 4.096,21 € 
170 S N H L S 0 2.559,72 € 
171 S N H L S 1 3.217,39 € 
172 S N H L S 2 3.290,08 € 
173 S N H L S 3 2.122,27 € 
174 S N H L S 4 2.789,18 € 
175 S N H L S 5 3.137,56 € 
176 S N H L S 6 2.742,20 € 
177 S N H L S 7 3.212,40 € 
178 S N H L S 8 2.579,79 € 
179 S N H L S 9 2.393,28 € 
180 S N H S L 0 2.070,61 € 
181 S N H S L 1 1.161,18 € 
182 S N H S L 2 2.286,89 € 
183 S N H S L 3 1.471,40 € 
184 S N H S L 4 1.970,59 € 
185 S N H S L 5 2.118,18 € 
186 S N H S L 6 1.472,81 € 
187 S N H S L 7 1.038,61 € 
188 S N H S L 8 1.572,96 € 
189 S N H S L 9 1.811,62 € 
190 S N H S S 0 926,62 € 
191 S N H S S 1 1.370,66 € 
192 S N H S S 2 1.165,56 € 
193 S N H S S 3 1.580,66 € 
194 S N H S S 4 1.234,36 € 
195 S N H S S 5 2.052,25 € 
196 S N H S S 6 1.565,76 € 
197 S N H S S 7 821,93 € 
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198 S N H S S 8 1.365,34 € 
199 S N H S S 9 1.697,69 € 
200 S N L L L 0 1.610,47 € 
201 S N L L L 1 2.730,83 € 
202 S N L L L 2 2.569,20 € 
203 S N L L L 3 1.625,79 € 
204 S N L L L 4 2.102,77 € 
205 S N L L L 5 2.563,84 € 
206 S N L L L 6 2.446,19 € 
207 S N L L L 7 2.361,40 € 
208 S N L L L 8 2.302,73 € 
209 S N L L L 9 2.537,95 € 
210 S N L L S 0 1.359,08 € 
211 S N L L S 1 1.622,68 € 
212 S N L L S 2 1.647,20 € 
213 S N L L S 3 1.035,48 € 
214 S N L L S 4 1.452,05 € 
215 S N L L S 5 1.505,84 € 
216 S N L L S 6 1.372,77 € 
217 S N L L S 7 1.667,30 € 
218 S N L L S 8 1.365,17 € 
219 S N L L S 9 1.220,25 € 
220 S N L S L 0 1.209,40 € 
221 S N L S L 1 704,84 € 
222 S N L S L 2 1.405,01 € 
223 S N L S L 3 869,07 € 
224 S N L S L 4 1.236,81 € 
225 S N L S L 5 1.300,11 € 
226 S N L S L 6 866,61 € 
227 S N L S L 7 627,94 € 
228 S N L S L 8 931,55 € 
229 S N L S L 9 1.072,97 € 
230 S N L S S 0 473,66 € 
231 S N L S S 1 667,60 € 
232 S N L S S 2 588,30 € 
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233 S N L S S 3 837,18 € 
234 S N L S S 4 618,58 € 
235 S N L S S 5 1.075,43 € 
236 S N L S S 6 740,58 € 
237 S N L S S 7 420,70 € 
238 S N L S S 8 665,90 € 
239 S N L S S 9 891,77 € 
240 S Y H L L 0 3.272,86 € 
241 S Y H L L 1 5.552,41 € 
242 S Y H L L 2 5.603,25 € 
243 S Y H L L 3 3.546,19 € 
244 S Y H L L 4 4.340,64 € 
245 S Y H L L 5 5.046,51 € 
246 S Y H L L 6 5.011,60 € 
247 S Y H L L 7 4.951,26 € 
248 S Y H L L 8 5.177,43 € 
249 S Y H L L 9 4.948,41 € 
250 S Y H L S 0 2.971,86 € 
251 S Y H L S 1 3.580,52 € 
252 S Y H L S 2 3.451,16 € 
253 S Y H L S 3 2.411,26 € 
254 S Y H L S 4 3.300,46 € 
255 S Y H L S 5 3.427,80 € 
256 S Y H L S 6 3.144,25 € 
257 S Y H L S 7 3.500,56 € 
258 S Y H L S 8 2.910,58 € 
259 S Y H L S 9 2.638,36 € 
260 S Y H S L 0 2.752,29 € 
261 S Y H S L 1 1.489,03 € 
262 S Y H S L 2 2.933,72 € 
263 S Y H S L 3 2.150,51 € 
264 S Y H S L 4 2.523,48 € 
265 S Y H S L 5 2.584,23 € 
266 S Y H S L 6 1.644,00 € 
267 S Y H S L 7 1.255,77 € 
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268 S Y H S L 8 2.099,10 € 
269 S Y H S L 9 2.545,49 € 
270 S Y H S S 0 1.167,67 € 
271 S Y H S S 1 1.650,41 € 
272 S Y H S S 2 1.404,68 € 
273 S Y H S S 3 1.938,32 € 
274 S Y H S S 4 1.486,92 € 
275 S Y H S S 5 2.413,22 € 
276 S Y H S S 6 1.864,36 € 
277 S Y H S S 7 955,98 € 
278 S Y H S S 8 1.574,78 € 
279 S Y H S S 9 2.065,33 € 
280 S Y L L L 0 3.023,13 € 
281 S Y L L L 1 4.777,84 € 
282 S Y L L L 2 4.853,36 € 
283 S Y L L L 3 3.202,33 € 
284 S Y L L L 4 4.082,93 € 
285 S Y L L L 5 4.587,21 € 
286 S Y L L L 6 4.496,38 € 
287 S Y L L L 7 4.600,05 € 
288 S Y L L L 8 4.693,15 € 
289 S Y L L L 9 4.089,25 € 
290 S Y L L S 0 2.423,21 € 
291 S Y L L S 1 3.306,30 € 
292 S Y L L S 2 2.637,88 € 
293 S Y L L S 3 1.785,91 € 
294 S Y L L S 4 2.653,36 € 
295 S Y L L S 5 2.973,11 € 
296 S Y L L S 6 2.794,50 € 
297 S Y L L S 7 3.303,06 € 
298 S Y L L S 8 2.610,85 € 
299 S Y L L S 9 2.391,92 € 
300 S Y L S L 0 2.339,90 € 
301 S Y L S L 1 1.291,05 € 
302 S Y L S L 2 2.591,24 € 
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303 S Y L S L 3 1.870,08 € 
304 S Y L S L 4 2.225,96 € 
305 S Y L S L 5 2.125,94 € 
306 S Y L S L 6 1.418,07 € 
307 S Y L S L 7 1.095,84 € 
308 S Y L S L 8 1.943,88 € 
309 S Y L S L 9 2.203,51 € 
310 S Y L S S 0 940,15 € 
311 S Y L S S 1 1.248,69 € 
312 S Y L S S 2 1.014,08 € 
313 S Y L S S 3 1.514,44 € 
314 S Y L S S 4 1.053,61 € 
315 S Y L S S 5 1.924,83 € 
316 S Y L S S 6 1.640,60 € 
317 S Y L S S 7 729,65 € 
318 S Y L S S 8 1.267,93 € 
319 S Y L S S 9 1.757,91 € 
 
  
 
